Clinical
Anesthesia

Paul G. Barash » Bruce F. Cullen « Robert K. Stoelting

=
& L}
i

Fifth Edition

A LerprnaCOTT WALLIAAS & WiLKING



Editors: Barash, Paul G.; Cullen, Bruce F.; Stoelting, Robert K.
Title: Clinical Anesthesia, 5th Edition

Copyright ©2006 Lippincott Williams & Wilkins

> Front of Book > Dedication

Dedication

THIS EDITION OF CLINICAL ANESTHESIA IS DEDICATED TO THE MEMORY AND SPIRIT OF
DANIEL BERNARD BARASH



Editors: Barash, Paul G.; Cullen, Bruce F.; Stoelting, Robert K.
Title: Clinical Anesthesia, 5th Edition

Copyright ©2006 Lippincott Williams & Wilkins

> Front of Book > Editors

Edited By

Paul G. Barash MD

Professor

Department of Anesthesiology, Yale University School of Medicine, Attending Anesthesiologist,
Yale—New Haven Hospital, New Haven, Connecticut

Bruce F. Cullen MD

Professor

Department of Anesthesiology, University of Washington School of Medicine, Attending
Anesthesiologist, Harborview Medical Center, Seattle, Washington

Robert K. Stoelting MD
Emeritus Professor and Chair
Department of Anesthesia, Indiana University School of Medicine, Indianapolis, Indiana

Secondary Editors

Brian Brown
Acquisitions Editor

Grace Caputo
Developmental Editor

Dovetail Content Solutions

Dave Murphy
Production Editor

Ben Rivera
Manufacturing Manager

Doug Smock
Creative Director

Joseph DePinho
Cover Designer

Compositor: TechBooks

Printer: Courier-Westford

Contributing Authors

Stephen E. Abram MD

Professor

Department of Anesthesiology, Medical College of Wisconsin, Staff Anesthesiologist, Froedtert
Memorial Hospital, Milwaukee, Wisconsin

J. Jeffrey Andrews MD
Professor and Vice-Chair for Education
Department of Anesthesiology, University of Alabama School of Medicine, Birmingham, Alabama

Douglas R. Bacon MD, MA



Professor of Anesthesiology and Medical History
Mayo Clinic College of Medicine, Consultant Anesthesiologist, Mayo Clinic, Rochester, Minnesota

Robert L. Barkin MBA, PharmD, FCP
Rush University Medical College, Clinical Pharmacologist, Rush Pain Center, Chicago, lllinois,
Clinical Pharmacologist, The Rush North Shore Pain Center, Skokie, lllinois

Audrée A. Bendo MD

Professor and Vice Chair for Education

Department of Anesthesiology, State University of New York, Downstate Medical Center, Brooklyn,
New York

Christopher M. Bernards MD
Virginia Mason Medical Center, Clinical Professor, Department of Anesthesiology, University of
Washington, Staff Anesthesiologist, Seattle, Washington

Arnold J. Berry MD, MPH

Professor

Department of Anesthesiology, Emory University, Staff Anesthesiologist, Emory University
Hospital, Atlanta, Georgia

Frederic A. Berry MD
Professor Emeritus of Pediatrics and Anesthesiology
Department of Anesthesiology, The University of Virginia, Charlottesville, Virginia

David R. Bevan MB

Professor and Chair

Department of Anesthesia, University of Toronto, Anesthesiologist-in-Chief, University Health
Network, Toronto, Ontario, Canada

Barbara W. Brandom MD

Professor

Department of Anesthesiology, University of Pittsburgh, Attending Physician, Department of
Anesthesiology, Children's Hospital of Pittsburgh, Pittsburgh, Pennsylvania

Ferne R. Braverman MD

Professor

Department of Anesthesiology, Director, Section of Obstetric Anesthesiology, Yale University
School of Medicine, New Haven, Connecticut

Russell C. Brockwell MD

Associate Professor

University of Alabama School of Medicine, Chief of Anesthesiology Birmingham Veterans Affairs
Medical Center, Birmingham, Alabama

Levon M. Capan MD

Professor of Anesthesiology

Department of Anesthesiology, New York University School of Medicine, Associate Director,
Department of Anesthesiology, Bellevue Hospital Center, New York, New York



Barbara A. Castro MD

Associate Professor of Anesthesiology and Pediatrics

University of Virginia School of Medicine, University of Virginia Health System, Charlottesville,
Virginia

Frederick W. Cheney Jr. MD

Professor and Chair

Department of Anesthesiology, University of Washington School of Medicine, Attending
Anesthesiologist, University of Washington Medical Center, Seattle, Washington

Barbara A. Coda MD

Clinical Associate Professor

Department of Anesthesiology, University of Washington School of Medicine, Seattle, Washington,
Staff Anesthesiologist, McKenzie Anesthesia Group, McKenzie-Willamette Hospital, Springfield,
Oregon

Edmond Cohen MD

Professor of Anesthesiology

The Mount Sinai School of Medicine, Director of Thoracic Anesthesia, The Mount Sinai Medical
Center, New York, New York

James E. Cottrell MD

Professor and Chairman

Department of Anesthesiology, State University of New York, Downstate Medical Center, Brooklyn,
New York

Joseph P. Cravero MD
Associate Professor of Anesthesiology
Dartmouth Hitchcock Medical Center, Lebanon, New Hampshire

C. Michael Crowder MD, PhD

Associate Professor of Anesthesiology and Molecular Biology/Pharmacology
Washington University School of Medicine, Attending Anesthesiologist, Division of
Neuroanesthesia, Barnes-Jewish Hospital, St. Louis, Missouri

Marie Csete MD, PhD

Associate Professor and John E. Steinhaus Professor of Anesthesiology

Emory University, Director, Liver Transplant Anesthesiology, Department of Anesthesiology, Emory
University Hospital, Atlanta, Georgia

Anthony J. Cunningham MD

Professor/Clinical Vice Dean

Department of Anaesthesia, Royal College of Surgeons in Ireland, Consultant and Professor,
Department of Anaesthesia, Beaumont Hospital, Dublin, Ireland

Jacek B. Cywinski MD
Department of General Anesthesiology, The Cleveland Clinic Foundation, Cleveland, Ohio

Steven Deem MD
Associate Professor of Anesthesiology and Medicine (Adjunct, Pulmonary and Critical Care)



University of Washington, Harborview Medical Center, Seattle, Washington

Stephen F. Dierdorf MD
Professor
Department of Anesthesia, Medical University of South Carolina, Charleston, South Carolina

Francois Donati PhD, MD, FRCPC

Professor

Department of Anesthesiology, University of Montreal, Staff Anesthesiologist, Hospital
Maisonneuve-Rosemont, Montreal, Quebec, Canada

John C. Drummond MD, FRCPC

Professor of Anesthesiology

University of California, San Diego, Staff Anesthesiologist, VA Medical Center, San Diego, La Jolla,
California

Thomas J. Ebert MD, PhD

Professor

Department of Anesthesiology, Medical College of Wisconsin, Staff Anesthesiologist, VA Medical
Center, Milwaukee, Wisconsin

Jan Ehrenwerth MD

Professor

Department of Anesthesiology, Yale University School of Medicine, Attending Anesthesiologist,
Yale—New Haven Hospital, New Haven, Connecticut

John H. Eichhorn MD

Professor

Department of Anesthesiology, University of Kentucky College of Medicine, Department of
Anesthesiology, UK Chandler Medical Center, Lexington, Kentucky

James B. Eisenkraft MD

Professor of Anesthesiology

Mount Sinai School of Medicine, Attending Anesthesiologist, The Mount Sinai Hospital, New York,
New York

John E. Ellis MD

Professor

Department of Anesthesia and Critical Care, Pritzker School of Medicine, The University of
Chicago, Section Chief, Anesthesia for Vascular, Thoracic, and General Surgery, University of
Chicago Hospitals, Chicago, lllinois

Alex S. Evers MD

Henry E. Mallinckrodt Professor and Chairman

Department of Anesthesiology, Washington University School of Medicine, Anesthesiologist-in-
Chief, Barnes-Jewish Hospital, St. Louis, Missouri

Lynne R. Ferrari MD
Associate Professor of Anesthesiology
Harvard Medical School, Medical Director, Perioperative Services, Department of Anesthesia,



Perioperative and Pain Medicine, Children's Hospital, Boston, Massachusetts

Mieczyslaw Finster MD

Professor of Anesthesiology and Obstetrics and Gynecology

Columbia University College of Physicians and Surgeons, New York Presbyterian Hospital, New
York, New York

Jeffrey E. Fletcher PhD
Clinical Publications Lead
Medical Communications, AstraZeneca, Wilmington, Deleware

J. Sean Funston MD
Assistant Professor
Department of Anesthesiology, University of Texas Medical Branch, Galveston, Texas

Steven |I. Gayer MD, MBA

Associate Professor

Departments of Anesthesiology and Ophthalmology, University of Miami Miller School of Medicine,
Director of Anesthesia Services, Bascom Palmer Eye Institute, Miami, Florida

Kathryn Glas MD

Assistant Professor

Department of Anesthesiology, Associate Director, Cardiothoracic Anesthesiology, Director, Intra-
Operative Echo Service, Emory University School of Medicine, Atlanta, Georgia

Alexander W. Gotta MD
Emeritus Professor of Anesthesiology
State University of New York, Downstate Medical Center, Brooklyn, New York

John Hartung PhD
Associate Editor
Journal of Neurosurgical Anesthesiology, State University of New York, Brooklyn, New York

Tara M. Hata MD

Associate Professor

Department of Anesthesia, University of lowa, Roy J. and Lucille A. Carver College of Medicine,
University of lowa Hospitals and Clinics, lowa City, lowa

Laurence M. Hausman MD

Assistant Professor

Department of Anesthesiology, Mount Sinai School of Medicine, Vice Chair, Academic Affiliations,
Department of Anesthesiology, Mount Sinai Hospital, New York, New York

Thomas K. Henthorn MD
Professor and Chair
Department of Anesthesiology, University of Colorado Health Sciences Center, Denver, Colorado

Simon C. Hillier MB, ChB
Associate Professor



Department of Anesthesia, Indiana University School of Medicine, Staff Anesthesiologist, Riley
Hospital for Children, Indianapolis, Indiana

Terese T. Horlocker MD

Professor

Departments of Anesthesiology and Orthopedics, Mayo Clinic College of Medicine, Rochester,
Minnesota

Robert J. Hudson MD, FRCPC

Clinical Professor

Department of Anesthesiology and Pain Medicine, University of Alberta, Attending
Anesthesiologist, University of Alberta Hospitals, Edmonton, Alberta, Canada

Anthony D. lvankovitch MD
Professor and Chair
Department of Anesthesiology, Rush University Medical Center, Chicago, lllinois

Joel O. Johnson MD, PhD

Professor and Chair

Department of Anesthesiology, University of Missouri-Columbia Hospitals and Clinics, Columbia,
Missouri

Raymond S. Joseph Jr. MD
Staff Anesthesiologist
Virginia Mason Medical Center, Seattle, Washington

Zeev N. Kain MD, MBA

Professor and Executive Vice-Chairman

Department of Anesthesiology, Yale University School of Medicine, Anesthesiologist-in-Chief, Yale—
New Haven Children's Hospital, New Haven, Connecticut

Ira S. Kass MD

Professor

Departments of Anesthesiology, Physiology, and Pharmacology, Downstate Medical Center,
Brooklyn, New York

Jonathan D. Katz MD
Clinical Professor of Anesthesiology
Yale University School of Medicine, New Haven, Connecticut

Brian S. Kaufman MD

Associate Professor

Departments of Anesthesiology, Medicine, and Neurosurgery, New York University School of
Medicine, Co-Director, Critical Care, Tisch Hospital, New York, New York

Charbel A. Kenaan MD

Chief Resident in Anesthesiology

Department of Anesthesiology, Perioperative Medicine, and Pain Management, Jackson Memorial
Hospital, University of Miami Miller School of Medicine, Miami, Florida



Donald A. Kroll MD, PhD
Staff Anesthesiologist
Veterans Affairs Medical Center, Biloxi, Mississippi

Carol L. Lake MD, MBA, MPH
CEO
Verefi Technologies, Inc., Elizabethtown, Pennsylvania

Noel W. Lawson MD

Professor

Department of Anesthesiology, University of Missouri-Columbia, Staff Anesthesiologist, University
of Missouri-Columbia Hospitals and Clinics, Columbia, Missouri

Wilton C. Levine MD

Instructor in Anesthesia

Harvard Medical School, Department of Anesthesia and Critical Care, Massachusetts General
Hospital, Boston, Massachusetts

Jerrold H. Levy MD

Professor and Deputy Chair of Research

Department of Anesthesiology, Emory University School of Medicine, Director of Cardiothoracic
Anesthesiology Emory Healthcare, Atlanta, Georgia

Adam D. Lichtman MD

Assistant Professor of Anesthesiology

Department of Anesthesiology, Weill Cornell Medical Center, New York Presbyterian Hospital, New
York, New York

J. Lance Lichtor MD
Professor
Department of Anesthesia, University of lowa, lowa City, lowa

Spencer S. Liu MD

Clinical Professor of Anesthesiology

Department of Anesthesiology, University of Washington, Staff Anesthesiologist, Department of
Anesthesiology, Virginia Mason Medical Center, Seattle, Washington

Richard L. Lock MD

Associate Professor

Department of Anesthesiology, University of Kentucky College of Medicine, University of Kentucky
Chandler Medical Center, Lexington, Kentucky

David A. Lubarsky MD, MBA

Emanuel M. Papper Professor and Chair

Department of Anesthesiology, Perioperative Medicine, and Pain Management, University of Miami
Miller School of Medicine, Chief of Service, Department of Anesthesiology, Jackson Memorial
Hospital, Miami, Florida

Timothy R. Lubenow MD
Professor of Anesthesiology



Rush Medical College, Director, Section of Pain Medicine, Department of Anesthesiology, Rush
University Medical Center, Chicago, lllinois

Srinivas Mantha MD

Professor of Anesthesiology

Department of Anesthesiology and Intensive Care, Sub-Dean, Nizam's Institute of Medical
Sciences, Hyberabad, India

Joseph P. Mathew MD

Associate Professor

Department of Anesthesiology, Chief, Division of Cardiothoracic Anesthesia, Duke University
Medical Center, Durham, North Carolina

Michael S. Mazurek MD

Assistant Professor of Clinical Anesthesia

Department of Anesthesia, Indiana University School of Medicine, Staff Anesthesiologist, Riley
Hospital for Children, Indianapolis, Indiana

Kathryn E. McGoldrick MD

Professor and Chair

Department of Anesthesiology, New York Medical College, Director, Department of Anesthesiology,
Westchester Medical Center, Valhalla, New York

Roger S. Mecca MD

Chairman

Department of Anesthesiology, Danbury Hospital, Danbury, Connecticut, Clinical Associate
Professor of Anesthesiology, New York Medical College, New York, New York

Sanford M. Miller MD

Clinical Associate Professor

New York University School of Medicine, Assistant Director of Anesthesiology, Bellevue Hospital
Center, New York, New York

Terri G. Monk MD, MS

Professor

Department of Anesthesiology, Duke University Medical Center, Faculty, Department of
Anesthesia, VA Hospital, Durham, North Carolina

John R. Moyers MD

Professor

Department of Anesthesia, University of lowa, Roy J. and Lucille A. Carver College of Medicine,
University of lowa Hospitals and Clinics, lowa City, lowa

Michael F. Mulroy MD

Clinical Professor

Department of Anesthesiology, University of Washington School of Medicine, Staff
Anesthesiologist, Department of Anesthesiology, Virginia Mason Medical Center, Seattle,
Washington

Stanley Muravchick MD, PhD



Professor

Department of Anesthesia, University of Pennsylvania School of Medicine, Vice Chair for Clinical
Operations, Department of Anesthesia, Hospital of the University of Pennsylvania, Philadelphia,
Pennsylvania

Glenn S. Murphy MD

Assistant Professor

Department of Anesthesiology, Feinberg School of Medicine, Northwestern University, Director,
Cardiac Anesthesia, Department of Anesthesiology, Evanston Northwestern Healthcare, Evanston,
Ilinois

Michael J. Murray MD, PhD
Professor and Chair
Department of Anesthesiology, Mayo Clinic College of Medicine, Jacksonville, Florida

Steven M. Neustein MD

Associate Professor

Department of Anesthesiology, Mount Sinai School of Medicine, Attending Anesthesiologist, Mount
Sinai Hospital, New York, New York

Cathal Nolan MB

Lecturer in Anaesthesia

Department of Anaesthesia, Beaumont Hospital, Royal College of Surgeons in Ireland, Dublin,
Ireland

Babatunde O. Ogunnaike MD

Associate Professor

Director of Anesthesia Surgical Services, Parkland Memorial Hospital, Department of
Anesthesiology and Pain Management, Southwestern Medical School, Dallas, Texas

Jerome F. O'Hara Jr. MD

Associate Professor Head

Section of Urological Anesthesiology, Department of General Anesthesiology, Cleveland Clinic
Foundation, Cleveland, Ohio

Charles W. Otto MD, FCCM

Professor of Anesthesiology

Associate Professor of Medicine, University of Arizona College of Medicine, Director of Critical Care
Medicine, Department of Anesthesiology, Arizona Health Sciences Center, Tucson, Arizona

Nathan Leon Pace MD, MStat

Professor

Department of Anesthesiology, University of Utah, Staff Anesthesiologist, University of Utah
Health Sciences Center, Salt Lake City, Utah

Charise T. Petrovitch MD
Professor of Anesthesiology
George Washington University, Washington, DC

Mihai V. Podgoreanu MD



Assistant Professor
Department of Anesthesiology, Duke University Medical Center, Durham VA Hospital, Durham,
North Carolina

Karen L. Posner PhD
Research Associate Professor
Department of Anesthesiology, University of Washington, Seattle, Washington

Donald S. Prough MD
Professor and Chair
Department of Anesthesiology, University of Texas Medical Branch, Galveston, Texas

J. David Roccaforte MD

Assistant Professor

Department of Anesthesiology, New York University, Co-Director, SICU, Bellevue Hospital Center,
New York, New York

Michael F. Roizen MD

Professor and Chairman

Division of Anesthesiology, Critical Care Medicine, and Comprehensive Pain Management,
Cleveland Clinical Foundation, Cleveland, Ohio

Gladys Romero MD

Visiting Assistant Professor

Department of Anesthesiology and Pain Management, University of Texas Southwestern Medical
Center, Dallas, Texas

Stanley H. Rosenbaum MD

Professor of Anesthesiology

Internal Medicine, and Surgery, Vice Chairman for Academic Affairs, Department of
Anesthesiology, Yale University School of Medicine, Director of Perioperative and Adult Anesthesia,
Yale—New Haven Hospital, New Haven, Connecticut

Henry Rosenberg MD

Professor of Anesthesiology

Mount Sinai School of Medicine, New York, New York, Director, Department of Medical Education
and Clinical Research, Saint Barnabas Medical College, Livingston, New Jersey

Meg A. Rosenblatt MD

Associate Professor

Department of Anesthesiology, Director of Orthopedic and Regional Anesthesia, Mount Sinai School
of Medicine, New York, New York

William H. Rosenblatt MD

Professor of Anesthesia and Surgery

Yale University School of Medicine, Attending Physician, Department of Anesthesiology, Yale—New
Haven Hospital, New Haven, Connecticut

Carl E. Rosow MD, PhD
Professor



Department of Anaesthesia, Harvard Medical School, Anesthetist, Department of Anesthesia and
Critical Care, Massachusetts General Hospital, Boston, Massachusetts

Nyamkhishig Sambuughin PhD

Senior Biologist

Clinical Neurogenetics Unit, National Institute of Neurological Disorders and Stroke, National
Institute of Health, Bethesda, Maryland

Alan C. Santos MD, MPH
Chairman of Anesthesiology
Ochsner Clinic Foundation, New Orleans, Louisiana

Jeffrey J. Schwartz MD

Associate Professor

Department of Anesthesiology, Yale University School of Medicine, Attending Physician, Yale—New
Haven Hospital, New Haven, Connecticut

Margaret L. Schwarze
Clinical Associates
Vascular Surgery, University of Chicago, Chicago, lllinois

Harry A. Seifert MD, MSCE

Adjunct Assistant Professor of Clinical Anesthesiology

Department of Anesthesiology and Critical Care, Children's Hospital of Philadelphia, Adjunct
Assistant Professor of Epidemiology, Department of Biostatistics and Epidemiology, University of
Pennsylvania School of Medicine, Philadelphia, Pennsylvania

Aarti Sharma MD

Assistant Professor

Department of Anesthesiology, Assistant Director of Pediatric Anesthesia, Weill Cornell Medical
Center, New York Presbyterian Hospital, New York, New York

Nikolaos Skubas MD

Assistant Professor

Department of Anesthesiology, Weill Cornell Medical Center, New York Presbyterian Hospital, New
York, New York

Hugh M. Smith MD, PhD
Resident
Department of Anesthesiology, Mayo Clinic College of Medicine, Mayo Clinic, Rochester, Minnesota

Karen J. Souter MBBS, MSc, FRCA
Assistant Professor
Department of Anesthesia, University of Washington Medical Center, Seattle, Washington

M. Christine Stock MD, FCCM, FACP

James E. Eckenhoff Professor and Chair

Department of Anesthesiology, Feinberg School of Medicine, Northwestern University, Chicago,
Ilinois



Christer H. Svensén MD, PhD, DEAA, MBA
Associate Professor
Department of Anesthesiology, University of Texas Medical Branch, Galveston, Texas

Stephen J. Thomas MD

Topkin-Van Poznak Professor and Vice-Chair

Department of Anesthesiology, Weill Medical College of Cornell University, New York Presbyterian
Hospital, New York, New York

Miriam M. Treggiari MD, MPH

Associate Professor

Department of Anesthesiology, University of Washington School of Medicine, Harborview Medical
Center, Seattle, Washington

Jeffery S. Vender MD, FCCM, FCCP

Professor

Department of Anesthesiology, Feinberg School of Medicine, Northwestern University, Chairman,
Department of Anesthesiology, Evanston Northwestern Healthcare, Evanston, lllinois

J. Scott Walton MD
Associate Professor
Department of Anesthesia, Medical University of South Carolina, Charleston, South Carolina

Mark A. Warner MD
Professor and Chair
Department of Anesthesiology, Mayo Clinic College of Medicine, Rochester, Minnesota

Denise J. Wedel MD
Professor of Anesthesiology
Mayo Clinic College of Medicine, Rochester, Minnesota

Paul F. White PhD, MD, FANZCA

Professor and Holder of the Margaret Milam McDermott Distinguished Chair

Department of Anesthesiology and Pain Management, University of Texas Southwestern Medical
Center, Dallas, Texas

Charles W. Whitten MD

Professor and Vice President of Resident Affairs

M.T. “Pepper” Jenkins Professor in Anesthesiology, Department of Anesthesiology and Pain
Management, University of Texas Southwestern Medical Center, Dallas, Texas

Scott W. Wolf MD
Assistant Professor
Department of Anesthesiology, University of Texas Medical Branch, Galveston, Texas

James R. Zaidan MD, MBA

Professor and Chair

Department of Anesthesiology, Associate Dean for GME, Emory University School of Medicine,
Atlanta, Georgia



Editors: Barash, Paul G.; Cullen, Bruce F.; Stoelting, Robert K.
Title: Clinical Anesthesia, 5th Edition

Copyright ©2006 Lippincott Williams & Wilkins

> Front of Book > Preface

Preface

Transformation in the delivery of patient care, combined with changes in education, is the new
paradigm for anesthesiology in the 21st century. Minimizing costs while improving efficiency and
enhancing patient safety are the goals of contemporary anesthesia practice. To ensure that
practitioners have incorporated the most-up-to-date information in their practice, certifying and
licensing authorities have mandated continual education and testing both at the trainee and at the
practicing anesthesiologist level. These changes are coupled with the need for ongoing innovation
as the anesthesiologist continues to be challenged to adapt clinical management to new surgical
procedures and technologies. These developments are an extension of the observation we made in
the first edition of Clinical Anesthesia: “The major achievements of modern surgery would not
have taken place without the accompanying vision of the pioneers in anesthesiology.”

Anesthesiology is recognized as the specialty that has done the most to ensure patient safety.
Despite these advances, the specialty's own leadership, in addition to outside agencies, has
mandated further improvement. No longer does the anesthesiologist have the luxury of admitting
the patient to the hospital a day or more before the surgical procedure and of performing a
leisurely workup and preoperative assessment. In the ambulatory surgery unit, for example, the
patient may be available only minutes before the operation, and decisions must be made
immediately as to adequacy of the preanesthetic evaluation and treatment plan. In the inpatient
setting, care is perceived as being even more fragmented. For example, the health care
professional performing the preoperative evaluation may not be the caregiver in the operating
room. In the operating room, where costs can reach $40 to $50 per minute, “production pressure”
has been noted to get “the case going.” This occurs in a setting of diminished resources,
equipment, drugs, and personnel, with the simultaneous requirement to improve patient safety in
the OR. Thus, the anesthesiologist must have information immediately available for the
appropriate integration of care in the preincision period. In fact, the American Board of
Anesthesiology, in its Booklet of Information, emphasizes the importance of this facet of clinical
management by stating, “The ability to independently acquire and process information in a timely
manner is central to assure individual responsibility for all aspects of anesthesiology care.”

Simultaneous with these clinical requirements are significant changes in the educational process
for trainees and established practioners. Responsibility and accountability for one's education have
increased. Certifying boards use a framework, such as Maintenance of Certification in
Anesthesiology (MOCA), to ensure that the practitioner is current in aspects of patient care. This
concept is based on lifelong learning, assessment of professional standing, assessment of clinical
practice performance, and a written examination testing cognitive expertise. These changes
require a significant shift in the manner in which textbooks present knowledge. With the advent of
electronic publishing, clinicians cannot rely solely on a single textbook to supply the “answers” to
a clinical conundrum or a board recertification question. As a result, Clinical Anesthesia remains
faithful to its original goal: To develop a textbook that supports efficient and rapid acquisition of
knowledge. However, to meet this objective, the editors have also developed a multifaceted,
systematic approach to this target. Clinical Anesthesia serves as the foundation and reference
source for the other educational tools in the Clinical Anesthesia series: The Handbook of Clinical
Anesthesia, Clinical Anesthesia for the PDA, Review of Clinical Anesthesia, and The Lippincott
Interactive Anesthesia Library on CD-ROM (LIAL). Each of these provides a bridge to clinical care
and education.

To recognize these requirements, in this the first edition of Clinical Anesthesia of the 21st
century, we have totally redesigned the textbook, from its cover to chapter format and inclusion



of new and relevant material. To enhance access to information, as well as align chapters with
contemporary educational goals, each chapter starts with a detailed outline and Key Points. To
meet the realities of the world we live in, we have added new chapters on disaster preparedness
and weapons of mass destruction, genomics, obesity (bariatric surgery), and office-based
anesthesia. We have encouraged contributors to develop clinically relevant themes and prioritize
various clinical options considered by many the definitive strength of previous editions. In
addition, each contributor emphasizes applicable areas of importance to patient safety. On
occasion, redundancy between chapters may exist. We have made every effort to reduce repetition
or even disagreement between chapters. Different approaches to a clinical problem also represent
the realities of consultant-level anesthesia practice, however, so this diversity in approach
remains in certain instances.

Finally, we wish to express our gratitude to the individual authors whose hard work, dedication,
and timely submissions have expedited the production of the fifth edition. In addition, we
acknowledge the contributions of colleagues and readers for their constructive comments. We also
thank our secretaries, Gail Norup, Ruby Wilson and Deanna Walker, each of whom gave unselfishly
of their time to facilitate the editorial process. We would also like to take this opportunity to
recognize the continuing support of Lippincott Williams & Wilkins. It was more than 25 years ago
that Lewis Reines, the former CEO of J.B. Lippincott, recognized the need for a major American
anesthesiology textbook focused on education and clinical care. Throughout the intervening years,
he has been a trusted colleague, an advisor, and, most importantly, a friend. In addition, we have
been blessed with executive editors who have made singular contributions to the success of
Clinical Anesthesia: Susan Gay, Mary Kay Smith, and Craig Percy. The enduring commitment to
excellence in medical publishing continues from Lippincott Williams & Wilkins with Brian Brown,
Senior Acquisitions Editor, and David Murphy, Production Manager, with the assistance of Grace
Caputo, Project Director, Dovetail Content Solutions, and Chris Miller, Project Manager,
TechBooks.

Paul G. Barash MD
Bruce F. Cullen MD
Robert K. Stoelting MD
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Chapter 1
The History of Anesthesia

Hugh M. Smith

Douglas R. Bacon

KEY POINTS

o Anesthesiology is a young specialty historically, especially when compared to
surgery or internal medicine.

o Discoveries in anesthesiology have taken decades to build upon the
observations and experiments of many people, and in some instances we are
still searching. For example, the ideal volatile anesthetic has yet to be
discovered.

e Regional anesthesia is the direct outgrowth of a chance observation by an intern
who would go on to become a successful ophthalmologist.

Pain medicine began as an outgrowth of regional anesthesia.

o

Much of our current anesthesia equipment is the direct result of
anesthesiologists being unhappy with and needing better tools to properly
anesthetize patients.

O

Many safety standards have been established through the work of
anesthesiologists who were frustrated by the status quo.

Organizations of anesthesia professionals have been critical in establishing high
standards in education and proficiency, which in turn has defined the specialty.

Respiratory critical care medicine started as the need by anesthesiologists to
use positive pressure ventilation to help polio victims.

Surgical anesthesia, and physician specialization in its administration, has

©O 0 © ©o

allowed for increasingly complex operations to be performed on increasingly ill
patients.

Surgery without adequate pain control may seem cruel to the modern reader, yet this was the



common practice throughout most of history. While anesthesia is considered a relatively new field,
surgery predates recorded human history. Human skull trephinations occurred as early as 10,000
BC, with archaeologic evidence of post-procedure bone infection and healing, proving these
primitive surgeries were performed on living humans. Juice from coca leaves may have been
dribbled onto the scalp wound but the recipient of these procedures was almost certainly awake
while a hole was bored into his or her skull with a sharp flake of volcanic glass. This was a unique
situation in anesthesia; there are no other instances in which both the operator and his patient
share the effects of the same drug.

In contemporary practice, we are prone to forget the realities of pre-anesthesia surgery. Fanny
Burney, a well-known literary artist from the early nineteenth century, described a mastectomy
she endured after receiving a “wine cordial” as her sole anesthetic. As seven male assistants held
her down, the surgery commenced: “When the dreadful steel was plunged into the breast-cutting
through veins-arteries-flesh-nerves-1 needed no injunction not to restrain my cries. | began a
scream that lasted unintermittently during the whole time of the incision—& | almost marvel that
it rings not in my Ears still! So excruciating was the agony. Oh Heaven!—I then felt the knife
racking against the breast bone-scraping it! This performed while | yet remained in utterly
speechless torture.”! Burney's description reminds us that it is difficult to overstate the impact of

P.4
anesthesia on the human condition. An epitaph on a monument to William T. G. Morton, one of the
founders of anesthesia, summarizes the contribution of anesthesia: “BEFORE WHOM in all time
Surgery was Agony.”? Although most human civilizations evolved some method for diminishing
patient discomfort, anesthesia, in its modern and effective meaning, is a comparatively recent
discovery with traceable origins in the mid-nineteenth century. How we have changed perspectives
from one in which surgical pain was terrible and expected to one where patients may fairly
presume they will be safe, pain free, and unaware during extensive operations is a fascinating
story.

Anesthesiologists are like no other physicians: we are experts at controlling the airway and at
emergency resuscitation; we are real-time cardiopulmonologists achieving hemodynamic and
respiratory stability for the anesthetized patient; we are pharmacologists and physiologists,
calculating appropriate doses and desired responses; we are gurus of postoperative care and
patient safety; we are internists performing perianesthetic medical evaluations; we are the pain
experts across all medical disciplines and apply specialized techniques in pain clinics and labor
wards; we manage the severely sick or injured in critical care units; we are neurologists,
selectively blocking sympathetic, sensory, or motor functions with our regional techniques; we are
trained researchers exploring scientific mystery and clinical phenomenon.

Anesthesiology is an amalgam of specialized techniques, equipment, drugs, and knowledge that,
like the growth rings of a tree, have built up over time. Current anesthesia practice is the
summation of individual effort and fortuitous discovery of centuries. Every component of modern
anesthesia was at some point a new discovery and reflects the experience, knowledge, and
inventiveness of our predecessors. Historical examination enables understanding of how these
individual components of anesthesia evolved. A knowledge of the history of anesthesia enhances
our appreciation of current practice and intimates where our specialty might be headed.

ANESTHESIA BEFORE ETHER

Today, major surgery without adequate anesthesia would be unthinkable, and probably

constitute grounds for malpractice litigation. And yet this paradigm, this way of seeing
anesthesia as a necessary part of surgery, is a fairly recent development dating back only 160
years. Scholars have sought to explain the comparatively late arrival of anesthesia. In addition to
limitations in technical knowledge, cultural attitudes toward pain are often cited as reasons
humans endured centuries of surgery without effective anesthesia. For example, it is known that
the Roman writer Celsius encouraged “pitilessness” as an essential characteristic of the surgeon,
an attitude that prevailed for centuries. While there is some proof for this perspective, closer
inspection reveals that most cultures were, in fact, sensitive to the suffering caused by surgical
operations and developed methods for lessening pain. Various techniques and plant-based agents



in many parts of the world were employed to alter consciousness or as analgesics. Examination of
the methods of managing pain before ether anesthesia is useful for what it illuminates about the
historical roots and principal advances of our specialty.

Physical and Psychological Anesthesia

The Edwin Smith Surgical Papyrus, the oldest known written surgical document, describes 48
cases performed by an Egyptian surgeon from 3000 to 2500 BC. While this remarkable surgical
treatise contains no direct mention of measures to lessen patient pain or suffering, Egyptian
pictographs from the same era show a surgeon compressing a nerve in a patient's antecubital
fossa while operating on the patient's hand. Another image displays a patient compressing his own
brachial plexus while a procedure is performed on his palm.3® In the sixteenth century, military
surgeon Ambroise Paré became adept at nerve compression as a means of creating anesthesia.

Building upon the technique of Paré, James Moore described in 1874 the combined use of nerve
compression and opium. In his book A Method of Preventing or Diminishing Pain in Several
Operations of Surgery, Moore described a machine devised to apply continuous pressure on nerves
and how, with the administration of a grain of opium, surgical pain might be lessened. Surgeon
John Hunter used Moore's technique at St. Georges Hospital during the amputation of a leg below
the knee following compression of the sciatic and anterior crural nerves.* The pain control during
the surgery was judged better than without the technique.

Medical science has benefited from the natural refrigerating properties of ice and snow as well.
For centuries anatomical dissections were performed only in winter because colder temperatures
delayed deterioration of the cadaver, and in the Middle Ages the anesthetic effects of cold water
and ice were recognized. It is unclear how frequently cold might have been used during this era
but in the seventeenth century, Marco Aurelio Severino documented “refrigeration anesthesia” in
some detail. By placing snow in parallel lines across the incisional plane, he was able to render a
surgical site insensate within minutes. The technique never became popular, probably because of
the challenge of maintaining stores of snow year-round.® Severino is also known to have saved
numerous lives during an epidemic of diphtheria by performing tracheostomies and inserting
trochars to maintain patency of the airway.®

Formal manipulation of the psyche to relieve surgical pain was undertaken by French physicians
Charles Dupotet and Jules Cloquet in the late 1820s with hypnosis, then called mesmerism.
Although the work of Anton Mesmer was discredited by the French Academy of Science after
formal inquiry several decades earlier, proponents like Dupotet and Cloquet continued to make
mesmeric experiments and pleaded to the Academie de Medicine to reconsider its utility.” In a
well-attended demonstration in 1828, Cloquet removed the breast of a 64-year-old patient while
she reportedly remained in a calm, mesmeric sleep. This demonstration made a lasting impression
upon British physician John Elliotson who became a leading figure of the mesmeric movement in
England in the 1830s and 1840s. Innovative and quick to adopt new advances, Elliotson performed
mesmeric demonstrations and in 1843 published Numerous Cases of Surgical Operations without

Pain in the Mesmeric State. In this work, Elliotson used the term “anaesthesia,” and again 5 years
later when he gave the Harveian Oration before the Royal College of Physicians in London. This
was 2 years before Oliver Wendell Holmes, who is often credited for introducing the term, but
many centuries after Dioscorides first used the word “anesthesia.” Elliotson was roughly criticized
by his colleagues for his unorthodox practices. Support for mesmerism faded when in 1846
renowned surgeon Robert Liston performed the first operation under ether anesthesia in England

and remarked, “This Yankee dodge beats mesmerism all hollow.”8

Despite its inevitable demise, the mesmeric movement was an attempt to cope with surgical pain
by manipulation of mental and emotional states. In modern obstetrics, the psychoprophylaxis of
Lamaze classes and support provided to parturients by midwives and doulas represent forms of
“psychological anesthesia” shown to reduce pharmacologic analgesia requirements and the need
for regional anesthesia.
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Early Analgesics and Soporifics

Dioscorides, a Greek physician from the first century AD, commented on the analgesia of
mandragora, a drug prepared from the bark and leaves of the mandrake plant. He stated that the
plant substance could be boiled in wine, strained, and used “in the case of persons... about to be
cut or cauterized, when they wish to produce anesthesia.”® Mandragora was still being used to
benefit patients as late as the seventeenth century. From the ninth to the thirteenth centuries, the
soporific sponge was a dominant mode of providing pain relief during surgery. Mandrake leaves,
along with black nightshade, poppies, and other herbs, were boiled together and cooked onto a
sponge. The sponge was then reconstituted in hot water and placed under the patient's nose
before surgery. Prior to the hypodermic syringe and routine venous access, ingestion and
inhalation were the only known routes of administering medicines to gain systemic effects.
Prepared as indicated by published reports of the time, the sponge generally contained morphine
and scopolamine in varying amounts—drugs used in modern anesthesia.®

Alcohol was another element of the pre-ether armamentarium because it was thought to induce
stupor and blunt the impact of pain. Although alcohol is a central nervous system depressant, in
the amounts administered it produced little analgesia in the setting of true surgical pain. Fanny
Burney's account, mentioned previously, demonstrates the ineffectiveness of alcohol as an
anesthetic. Not only did the alcohol provide minimal pain control, it did nothing to dull her
recollection of events. Laudanum was an alcohol-based solution of opium first compounded by
Paracelsus in the sixteenth century. It was wildly popular in the Victorian and Romantic periods,
and prescribed for a wide variety of ailments from the common cold to tuberculosis. Although
appropriately used as an analgesic in some instances, it was frequently misused and abused.
Laudanum was given by nursemaids to quiet wailing infants and abused by many upper-class
women, poets, and artists who were unaware of its addictive potential.

Inhaled Anesthetics

The discovery of surgical anesthetics, in the modern era, remains linked to inhaled anesthetics.
The compound now known as diethyl ether had been known for centuries; it may have been
compounded first by an eighth-century Arabian philosopher Jabir ibn Hayyam, or possibly by
Raymond Lully, a thirteenth-century European alchemist. But diethyl ether was certainly known in
the sixteenth century, both to Valerius Cordus and Paracelsus, who prepared it by distilling
sulfuric acid (oil of vitriol) with fortified wine to produce an oleum vitrioli dulce (sweet oil of
vitriol). One of the first “missed” observations of the effects of inhaled agents, Paracelsus
observed that ether caused chickens to fall asleep and awaken unharmed. He must have been
aware of its analgesic qualities, because he reported that it could be recommended for use in
painful illnesses.

For three centuries thereafter, this simple compound remained a therapeutic agent with only
occasional use. Some of its properties were examined but without sustained interest by
distinguished British scientists Robert Boyle, Isaac Newton, and Michael Faraday, none of whom
made the conceptual leap to surgical anesthesia. Its only routine application came as an
inexpensive recreational drug among the poor of Britain and Ireland, who sometimes drank an
ounce or two of ether when taxes made gin prohibitively expensive.? An American variation of
this practice was conducted by groups of students who held ether-soaked towels to their faces at
nocturnal “ether frolics.”

Like ether, nitrous oxide was known for its ability to induce lightheadedness and was often inhaled
by those seeking a thrill. It was not used as frequently as ether because it was more complex to
prepare and awkward to store. It was made by heating ammonium nitrate in the presence of iron
filings. The evolved gas was passed through water to eliminate toxic oxides of nitrogen before
being stored. Nitrous oxide was first prepared in 1773 by Joseph Priestley, an English clergyman
and scientist, who ranks among the great pioneers of chemistry. Without formal scientific training,
Priestley prepared and examined several gases, including nitrous oxide, ammonia, sulfur dioxide,
oxygen, carbon monoxide, and carbon dioxide.



At the end of the eighteenth century in England, there was a strong interest in the supposed
wholesome effects of mineral waters and gases. Particular waters and gases were believed to
prevent and treat disease, and there was great interest in the potential use of gases as remedies
for scurvy, tuberculosis, and other diseases. Thomas Beddoes opened his Pneumatic Institute
close to the small spa of Hotwells, in the city of Bristol, to study the effect of inhaled gases. He
hired Humphry Davy in 1798 to conduct research projects for the Institute. Davy performed
brilliant investigations of several gases but focused much of his attention on nitrous oxide. He
measured the rate of uptake of nitrous oxide, its effect on respiration, and other central nervous
system actions. His human experimental results, combined with research on the physical
properties of the gas, were published in Nitrous Oxide, a 580-page book published in 1800.

This impressive treatise is now best remembered for a few incidental observations. Davy
commented that nitrous oxide transiently relieved a severe headache, obliterated a minor
headache, and briefly quenched an aggravating toothache. The most frequently quoted passage
was a casual entry: “As nitrous oxide in its extensive operation appears capable of destroying
physical pain, it may probably be used with advantage during surgical operations in which no
great effusion of blood takes place.”'? This is perhaps the most famous of the “missed
opportunities” to discover surgical anesthesia. Davy's lasting nitrous oxide legacy was coining the
phrase “laughing gas” to describe its unique property.

Almost Discovery: Hickman, Clarke, Long, and Wells

As the nineteenth century wore on, societal attitudes toward pain changed, perhaps best

exemplified by the romantic poets.'® Thus, the discovery of a means to relieve pain may have
become more accepted, and several more near-breakthroughs occurred that are worthy of
mention. An English surgeon named Henry Hill Hickman searched intentionally for an inhaled
anesthetic to relieve pain in his patients.* Hickman used high concentrations of carbon dioxide in
his studies on mice and dogs. Carbon dioxide has some anesthetic properties, as shown by the
absence of response to an incision in the animals of Hickman's study, but it was never determined
if the animals were insensate because of hypoxia rather than anesthesia. Hickman's concept was
magnificent; his choice of agent, regrettable.

William E. Clarke, a medical student from Rochester, New York, may have given the first ether
anesthetic in January 1842. From techniques learned as a chemistry student in 1839, Clarke
entertained his companions with nitrous oxide and ether. Emboldened by these experiences, in
January 1842, he administered ether, from a towel, to a young woman named Hobbie. One of her
teeth was then extracted without pain by a dentist

named Elijah Pope.'® A second indirect reference to Clarke's anesthetic suggested that it was
believed that her unconsciousness was due to hysteria. Clarke was advised to conduct no further
anesthetic experiments.®

There is no doubt that 2 months later, on March 30, 1842, Crawford Williamson Long administered
ether with a towel for surgical anesthesia in Jefferson, Georgia. His patient, James M. Venable,
was a young man who was already familiar with ether's exhilarating effects, for he reported in a
certificate that he had previously inhaled it and was fond of its use. Venable had two small tumors
on his neck but refused to have them excised because he feared the pain that accompanied
surgery. Knowing that Venable was familiar with ether's action, Dr. Long proposed that ether
might alleviate pain and gained his patient's consent to proceed. After inhaling ether from the
towel and having the procedure successfully completed, Venable reported that he was unaware of
the removal of the tumors.'” In determining the first fee for anesthesia and surgery, Long settled
on a charge of $2.00.18

Crawford Long, although limited by a rural surgical practice, conducted the first comparative trial
of an anesthetic. He wished to prove that insensibility to pain was caused by ether and was not
simply a reflection of the individual's pain threshold or the result of self-hypnosis. When ether was
withheld during amputation of the second of two fingers, his experimental patient, a slave boy,
and a second patient, a woman from whom he removed two tumors without ether and one with,
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caused Long to observe that surgery was painless with ether.'® For Long to gain recognition as the
initial discoverer of anesthesia he needed to publish his findings. Long remained silent until 1849,
when ether anesthesia was already well known. He explained that he practiced in an isolated
environment and had few opportunities for surgical or dental procedures.

Mid-nineteenth-century dentists practiced on the horns of a dilemma. Patients refused beneficial
treatment of their teeth for fear of the pain inflicted by the procedure. From a dentist's
perspective, pain was not so much life threatening as it was livelihood threatening. A few dentists
searched for new ways to relieve pain and one of the first to “discover” a solution was Horace
Wells of Hartford, Connecticut, whose great moment of discovery came on December 10, 1844. He
observed a lecture-exhibition on nitrous oxide by an itinerant “scientist,” Gardner Quincy Colton,
who encouraged members of the audience to inhale the gas. Wells observed a young man injure
his leg without pain while under the influence of nitrous oxide. Sensing that nitrous oxide might
provide pain relief during dental procedures, Wells contacted Colton and boldly proposed an
experiment in which Wells was to be the subject. The following day, Colton gave Wells nitrous
oxide before a fellow dentist, William Riggs, extracted a tooth.?° When Wells awoke, he declared
that he had not felt any pain and deemed the experiment a success. Colton taught Wells to
prepare nitrous oxide, which the dentist administered with success in his practice. His apparatus
probably resembled that used by Colton, a wooden tube placed in the mouth through which nitrous
oxide was breathed from a small bag filled with the gas.

A few weeks later, in January 1845, Wells attempted a public demonstration in Boston at the
Harvard Medical School. He had planned to anesthetize a patient for an amputation, but, when the
patient refused surgery, a dental anesthetic for a medical student was substituted. Wells, perhaps
influenced by a large and openly critical audience, began the extraction without an adequate level
of anesthesia, and the trial was judged a failure. The exact circumstances of Wells' lack of success
are not known. His patient may not have cooperated fully or the dose of anesthetic may have been
inadequate. Moreover, Wells may not yet have learned that nitrous oxide lacks sufficient potency
to serve predictably as an anesthetic without supplementation. In any event, the patient cried out,
and Wells was jeered by his audience. No one offered Wells even conditional encouragement. No
one recognized that, even though the presentation had been flawed, nitrous oxide might possess
significant therapeutic potential. The disappointment disturbed Wells deeply, and while profoundly
distressed, he committed suicide in 1848.

Public Demonstration of Ether Anesthesia

Another New Englander, William Thomas Green Morton, briefly shared a dental practice with
Horace Wells in Hartford. Wells' daybook shows that he gave Morton a course of instruction in
anesthesia, but Morton apparently moved to Boston without paying for the lessons.?! In Boston,
Morton continued his interest in anesthesia and sought instruction from chemist and physician
Charles T. Jackson. After learning that ether dropped on the skin provided analgesia, he began
experiments with inhaled ether, an agent that proved to be much more versatile than nitrous
oxide. Bottles of liquid ether were easily transported, and the volatility of the drug permitted
effective inhalation. The concentrations required for surgical anesthesia were so low that patients
did not become hypoxic when breathing ether vaporized in air. It also possessed what would later
be recognized as a unique property among all inhaled anesthetics: the quality of providing surgical
anesthesia without causing respiratory depression. These properties, combined with a slow rate of
induction, gave the patient a significant margin of safety, even in the hands of relatively unskilled
anesthetists.??

After anesthetizing a pet dog, Morton became confident of his skills and anesthetized patients in
his dental office. Encouraged by his success, Morton gained an invitation to give a public
demonstration in the Bullfinch amphitheater of the Massachusetts General Hospital, the same site
as Wells' failed demonstration. Many details of the October 16, 1846, demonstration are well
known. Morton secured permission to provide an anesthetic to Edward Gilbert Abbott, a patient of
surgeon John Collins Warren. Warren planned to excise a vascular lesion from the left side of
Abbott's neck and was about to proceed when Morton arrived late. He had been delayed because
he was obliged to wait for an instrument maker to complete a new inhaler (Fig. 1-1). It consisted



of a large glass bulb containing a sponge soaked with colored ether and a spout that was placed in
the patient's mouth. An opening on the opposite side of the bulb allowed air to enter and be drawn
over the ether-soaked sponge with each breath.?3

FIGURE 1-1. Morton's ether inhaler (1846).

The conversations of that morning were not accurately recorded; however, popular accounts state
that the surgeon responded testily to Morton's apology for his tardy arrival by remarking, “Sir,
your patient is ready.” Morton directed his

attention to his patient and first conducted a very abbreviated preoperative evaluation. He
inquired, “Are you afraid?” Abbott responded that he was not and took the inhaler in his mouth.
After a few minutes, Morton is said to have turned to the surgeon to respond, “Sir, your patient is
ready.” Gilbert Abbott later reported that he was aware of the surgery but had experienced no
pain. When the procedure ended, Warren immediately turned to his audience and uttered that
famous line, “Gentlemen, this is no humbug.”?*

What would be recognized as America's greatest contribution to nineteenth-century medicine had

been realized, but Morton, wishing to capitalize on his “discovery,” refused to divulge what agent
was in his inhaler. Some weeks passed before Morton admitted that the active component of the
colored fluid, which he had called “Letheon,” was diethyl ether. Morton, Wells, Jackson, and their
supporters soon became drawn into in a contentious, protracted, and fruitless debate over priority
for the discovery. This debate has subsequently been termed “the ether controversy.” In short,
Morton had applied for a patent for Letheon, and when it was granted, tried to receive royalties
for the use of ether as an anesthetic. Eventually, the matter came before the U.S. Congress where
the House of Representatives voted to grant Morton a large sum of money for the discovery;

however, the Senate quashed the deal.

When the details of Morton's anesthetic technique became public knowledge, the information was
transmitted by train, stagecoach, and coastal vessels to other North American cities, and by ship

to the world. As ether was easy to prepare and administer, anesthetics were performed in Britain,
France, Russia, South Africa, Australia, and other countries almost as soon as surgeons heard the
welcome news of the extraordinary discovery. Even though surgery could now be performed with

“pain put to sleep,” the frequency of operations did not rise rapidly, and several years would pass
before anesthesia was universally recommended.

Chloroform and Obstetrics

James Young Simpson was a successful obstetrician of Edinburgh, Scotland, and among the first to
use ether for the relief of labor pain. Yet he became dissatisfied with ether and sought a more
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pleasant, rapid-acting anesthetic. He and his junior associates conducted a bold search by inhaling
samples of several volatile chemicals collected for Simpson by British apothecaries. David Waldie
suggested chloroform, which had first been prepared in 1831. Simpson and his friends inhaled it
after dinner at a party in Simpson's home on the evening of November 4, 1847. They promptly fell
unconscious and, when they awoke, were delighted with their success. Simpson quickly set about
encouraging the use of chloroform. Within 2 weeks, he submitted his first account of its use to The
Lancet. Although Simpson introduced chloroform with boldness, and enthusiasm, and defended its
use for women in labor, he gave few anesthetics himself. His goal was simply to improve patient
comfort during his operative or obstetric activities.

In the nineteenth century, the relief of obstetrical pain had significant social ramifications and
made anesthesia during childbirth a controversial subject. Simpson argued against the prevailing
view, which held that relieving labor pain was contrary to God's will. The pain of the parturient
was perceived as both a component of punishment, and a means of atonement for the Original Sin.
Less than a year after administering the first anesthesia during childbirth, Simpson addressed
these concerns in a pamphlet entitled Answers to the Religious Objections Advanced against the
Employment of Anaesthetic Agents in Midwifery and Surgery and Obstetrics. In this work, Simpson
recognized the Book of Genesis as being the root of this sentiment, and noted that God promised
to relieve the descendants of Adam and Eve of the curse. Additionally, Simpson asserted that
labor pain was a result of scientific and anatomic causes, and not the result of religious
condemnation. He stated that the upright position of humans necessitated strong pelvic muscles to
support the abdominal contents. As a result, he argued, the uterus necessarily developed strong
musculature to overcome the resistance of the pelvic floor and that great contractile power caused
great pain. All in all, Simpson's pamphlet probably did not have much impact in terms of changing
the prevailing viewpoints about controlling labor pain, but he did articulate many concepts that his
contemporaries were debating at the time.?%

Chloroform gained considerable notoriety after John Snow used it during the deliveries of Queen
Victoria. The Queen's consort, Prince Albert, interviewed John Snow before he was called to
Buckingham Palace to administer chloroform at the request of the Queen's obstetrician. During the
monarch's labor, Snow gave analgesic doses of chloroform on a folded handkerchief. This
technique was soon termed chloroform a la reine. Victoria abhorred the pain of childbirth and
enjoyed the relief that chloroform provided. She wrote in her journal, “Dr. Snow gave that blessed
chloroform and the effect was soothing, quieting, and delightful beyond measure.”?® When the
Queen, as head of the Church of England, endorsed obstetric anesthesia, religious debate over the
appropriateness of anesthesia for labor pain terminated abruptly. Four years later, Snow was to
give a second anesthetic to the Queen, who was again determined to have chloroform. Snow's
daybook states that by the time he arrived, Prince Albert had begun the anesthetic and had given
his wife “a little chloroform.”

John Snow, already a respected physician, took an interest in anesthetic practice and was soon
invited to work with many leading surgeons of the day. In 1848, John Snow introduced a
chloroform inhaler. He had recognized the versatility of the new agent and came to prefer it in his
practice. At the same time, he initiated what was to become an extraordinary series of
experiments that were remarkable in their scope and for anticipating sophisticated research
performed a century later. Snow realized that successful anesthetics must not only abolish pain
but also prevent movement. He anesthetized several species of animals with varying
concentrations of ether and chloroform to determine the concentration required to prevent
movement in response to sharp stimuli. Despite the limitations of mid-nineteenth-century
technology, this work approximated the modern concept of minimum alveolar concentration
(MAC).27 Snow assessed the anesthetic action of a large number of potential anesthetics but did
not find any to rival chloroform or ether. His studies led him to recognize the relationship between
solubility, vapor pressure, and anesthetic potency, which was not fully appreciated until after
World War Il. He also fabricated an experimental closed-circuit device in which the subject (Snow
himself) breathed oxygen while the exhaled carbon dioxide was absorbed by potassium hydroxide.
Snow published two remarkable books, On the Inhalation of the Vapour of Ether (1847) and On
Chloroform and Other Anaesthetics (1858). The latter was almost completed when he died of a



stroke at the age of 45.

THE SECOND GENERATION OF INHALED ANESTHETICS

Throughout the second half of the nineteenth century, other compounds were examined for their
anesthetic potential. The pattern of fortuitous discovery that brought nitrous oxide, diethyl ether,
and chloroform forward between 1844 and 1847 continued. The next inhaled anesthetics to be
used routinely, ethyl chloride and ethylene, were also discovered as a result of

unexpected observations. Ethyl chloride and ethylene were first formulated in the eighteenth
century. Ethyl chloride was used as a topical anesthetic and counterirritant; it was so volatile that
the skin transiently “froze” after ethyl chloride was sprayed on it. Its rediscovery as an anesthetic
came in 1894, when a Swedish dentist named Carlson sprayed ethyl chloride into a patient's
mouth to “freeze” a dental abscess. Carlson was surprised to discover that his patient suddenly
lost consciousness.

As the mechanisms to deliver drugs were refined, entirely new classes of medications were also
developed, with the intention of providing safer, more pleasant pain control. Ethylene gas was the
first alternative to ether and chloroform, but it had some major disadvantages. The rediscovery of
ethylene in 1923 also came from a serendipitous observation. After it was learned that ethylene
gas had been used to inhibit the opening of carnation buds in Chicago greenhouses, it was
speculated that a gas that put flowers to sleep might also have an anesthetic action on humans.
Arno Luckhardt was the first to publish a clinical study in February 1923. Within a month, Isabella
Herb in Chicago and W. Easson Brown in Toronto presented two other independent studies.
Ethylene was not a successful anesthetic because high concentrations were required and it was
explosive. An additional significant shortcoming was a particularly unpleasant smell, which could
only be partially disguised by the use of oil of orange or a cheap perfume. When cyclopropane was
introduced, ethylene was abandoned.

Cyclopropane's anesthetic action was inadvertently discovered in 1929.2% Brown and Henderson
had previously shown that propylene had desirable properties as an anesthetic when freshly
prepared; but after storage in a steel cylinder, it deteriorated to create a toxic material that
produced nausea and cardiac irregularities in humans. Velyien Henderson, a professor of
pharmacology at the University of Toronto, suggested that the toxic product be identified. After a
chemist, George Lucas, identified cyclopropane among the chemicals in the tank, he prepared a
sample in low concentration with oxygen and administered it to two kittens. The animals fell
asleep quietly but quickly recovered unharmed. Rather than being a toxic contaminant, Lucas saw
that cyclopropane was a potent anesthetic. After its effects in other animals were studied and
cyclopropane proved to be stable after storage, human experimentation began.

Henderson was the first volunteer; Lucas followed. They then arranged a public demonstration in
which Frederick Banting, a Nobel laureate for the discovery of insulin, was anesthetized before a
group of physicians. Despite this promising beginning, further research was abruptly halted.
Several anesthetic deaths in Toronto had been attributed to ethyl chloride, and concern about
Canadian clinical trials of cyclopropane prevented human studies from proceeding. Rather than
abandon the study, Henderson encouraged an American friend, Ralph Waters, to use cyclopropane
at the University of Wisconsin. The Wisconsin group investigated the drug thoroughly and reported
their clinical success in 1934.2°

In 1930, Chauncey Leake and MeiYu Chen performed successful laboratory trials of vinethene
(divinyl ether) but were thwarted in its further development by a professor of surgery in San
Francisco. Ironically, Canadians, who had lost cyclopropane to Wisconsin, learned of vinethene
from Leake and Chen in California and conducted the first human study in 1932 at the University
of Alberta, Edmonton. International research collaboration enabled early anesthetic use of both
cyclopropane and divinyl ether, advances that may not have occurred independently in either the
United States or Canada.

All potent anesthetics of this period were explosive save for chloroform, whose hepatic and cardiac
toxicity limited use in America. Anesthetic explosions remained a rare but devastating risk to both
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anesthesiologist and patient. To reduce the danger of explosion during the incendiary days of
World War 11, British anaesthetists turned to trichloroethylene. This nonflammable anesthetic
found limited application in America, as it decomposed to release phosgene when warmed in the
presence of soda lime. By the end of World War 11, however, another class of noninflammable
anesthetics was prepared for laboratory trials. Ten years later, fluorinated hydrocarbons
revolutionized inhalation anesthesia.

FLUORINATED ANESTHETICS

Fluorine, the lightest and most reactive halogen, forms exceptionally stable bonds. These bonds,
although sometimes created with explosive force, resist separation by chemical or thermal means.
For that reason, many early attempts to fluorinate hydrocarbons in a controlled manner were
frustrated by the marked chemical activity of fluorine. In 1930, the first commercial application of
fluorine chemistry came in the form of the refrigerant, Freon. This was followed by the first
attempt to prepare a fluorinated anesthetic by Harold Booth and E. May Bixby in 1932. Although
their drug, monochlorodifluoromethane, was devoid of anesthetic action, as were other drugs
studied that decade, their report predicted future developments. “A survey of the properties of
166 known gases suggested that the best possibility of finding a new noncombustible anesthetic
gas lay in the field of organic fluoride compounds. Fluorine substitution for other halogens lowers
the boiling point, increases stability, and generally decreases toxicity.”3°

The secret demands of the Manhattan Project for refined uranium-235 served as an impetus to
better understanding of fluorine chemistry. Researchers learned that uranium might be refined
through the creation of an intermediate compound, uranium hexafluoride. Earl McBee of Purdue
University, who had a long-standing interest in the fluoridation of hydrocarbons, undertook part of
this project. McBee also held a grant from the Mallinckrodt Chemical Works, a manufacturer of
ether and cyclopropane, to prepare new fluorinated compounds, for anesthesia testing. By 1945,
the Purdue team had created small amounts of 46 fluorinated ethanes, propanes, butanes, and an
ether.

The anesthetic value of these chemicals would not have been appreciated, however, if Mallinckrodt
had not also provided financial support for research in pharmacology at Vanderbilt University. The
chair, Benjamin Robbins, was a pharmacologist, and was better able to assess the new drugs than
could most other anesthesiologists of that period. Robbins tested McBee's compounds in mice, and
selected the most promising for evaluation in dogs. Unfortunately, none of these compounds found
a place as an anesthetic but Robbins' conclusions on the effects of fluorination, bromination, and
chlorination in his landmark report of 1946 encouraged later successful studies.3?

A team at the University of Maryland under Professor of Pharmacology John C. Krantz Jr.
investigated the anesthetic properties of dozens of hydrocarbons over a period of several years,
but only one, ethyl vinyl ether, entered clinical use in 1947. Because it was flammable, Krantz
requested that it be fluorinated. In response, Julius Shukys prepared several fluorinated analogs.
One of these, trifluoroethyl vinyl ether, or fluroxene, became the first fluorinated anesthetic.
Fluroxene was marketed from 1954 until 1974. However, it was withdrawn when a delayed
discovery showed a metabolite to be toxic to lower animals. Fluroxene is important for its
historical interest as the first fluorinated anesthetic gas but our experience with it also
underscores the need for continual surveillance of anesthetic drug actions and adverse effects.3?

In 1951, Charles Suckling, a British chemist of Imperial Chemical Industries, was asked to create
a new anesthetic. Suckling, who already had an expert understanding of
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fluorination, began by asking clinicians to describe the properties of an ideal anesthetic. He
learned from this inquiry that his search must consider several limiting factors, including the
volatility, inflammability, stability, and potency of the compounds. After 2 years of research and
testing, Charles Suckling created halothane. He first determined that halothane possessed
anesthetic action by anesthetizing mealworms and houseflies before he forwarded it to
pharmacologist James Raventos. Suckling also made accurate predictions as to the concentrations
required for anesthesia in higher animals. After Raventos completed a favorable review, halothane



was offered to Michael Johnstone, a respected anesthetist of Manchester, England, who recognized
its great advantages over other anesthetics available in 1956. After Johnstone's endorsement,
halothane use spread quickly and widely within the practice of anesthesia.33

Halothane was followed in 1960 by methoxyflurane, an anesthetic that remained popular for a
decade. By 1970, however, it was learned that dose-related nephrotoxicity following protracted
methoxyflurane anesthesia was caused by inorganic fluoride. Similarly, because of persisting
concern that rare cases of hepatitis following anesthesia might be a result of a metabolite of
halothane, the search for newer inhaled anesthetics focused on the resistance to metabolic
degradation.

Two fluorinated liquid anesthetics, enflurane and its isomer isoflurane, were results of the search
for increased stability. They were synthesized by Ross Terrell in 1963 and 1965, respectively.
Because enflurane was easier to create, it preceded isoflurane. Its application was restricted after
it was shown to be a marked cardiovascular depressant and to have some convulsant properties.
Isoflurane was nearly abandoned because of difficulties in its purification, but after Louise Speers
overcame this problem, several successful trials were published in 1971. The release of isoflurane
for clinical use was delayed again for more than half a decade by calls for repeated testing in
lower animals, owing to an unfounded concern that the drug might be carcinogenic. As a
consequence, isoflurane received more thorough testing than any other drug heretofore used in
anesthesia. The era when an anesthetic could be introduced following a single fortuitous
observation had given way to a cautious program of assessment and reassessment. Remarkably,
no anesthetics were introduced into clinical use for another 20 years. Finally, desflurane was
released in 1992, and sevoflurane was released in 1994. Xenon, a gas having many properties of
the ideal anesthetic, was administered to a few patients in the early 1950s but it never gained
popularity because of the extreme costs associated with its removal from air. However, interest in
xenon has been renewed now that gas concentrations can be accurately measured when
administered at low flows, and devices are available to scavenge and reuse the gas.

REGIONAL ANESTHESIA

Cocaine, an extract of the coca leaf, was the first effective local anesthetic. After Albert

Niemann refined the active alkaloid and named it cocaine, it was used in experiments by a
few investigators. It was noted that cocaine provided topical anesthesia and even produced local
insensibility when injected, but Carl Koller, a Viennese surgical intern, first recognized the utility
of cocaine in clinical practice.

In 1884, Carl Koller was completing his medical training at a time when many operations on the
eye were performed without general anesthesia. Almost four decades after the discovery of ether,
general anesthesia by mask still had limitations for ophthalmic surgery: lack of patient
cooperation, interference of the anesthesia apparatus with surgical access, and the high incidence
of postoperative nausea and vomiting. At that time, since fine sutures were not available and
surgical incisions of the eye were not closed, postoperative vomiting threatened the extrusion of
the globe's contents, putting the patient at risk for irrevocable blindness.34

While a medical student, Koller had worked in a Viennese laboratory in a search of a topical
ophthalmic anesthetic to overcome the limitations of general anesthesia. Unfortunately, the
suspensions of morphine, chloral hydrate, and other drugs that he had used had been ineffectual.
In 1884, Koller's friend, Sigmund Freud, became interested in the cerebral-stimulating effects of
cocaine and gave him a small sample in an envelope, which he placed in his pocket. When the
envelope leaked, a few grains of cocaine stuck to Koller's finger and he absentmindedly licked his
tongue. When his tongue became numb, Koller instantly realized that he had found the object of
his search. In his lab, he made a suspension of cocaine crystals that he and a lab associate tested
in the eyes of a frog, a rabbit, and a dog. Satisfied with the anesthetic effects seen in the animal
models, Koller dropped the solution onto his own cornea. To his amazement, his eyes were
insensitive to the touch of a pin.3®%> As an intern, Carl Koller could not afford to attend a Congress
of German Ophthalmologists in Heidelberg on September 15, 1884. However, a friend presented
his article at the meeting and a revolution in ophthalmic surgery and other surgical disciplines



began. Within the next year, more than 100 articles supporting the use of cocaine appeared in
European and American medical journals. In 1888, Koller immigrated to New York, where he
practiced ophthalmology for the remainder of his career.

American surgeons quickly developed new applications for cocaine. Its efficacy in anesthetizing
the nose, mouth, larynx, trachea, rectum, and urethra was described in October 1884. The next
month, the first reports of its subcutaneous injection were published. In December 1884, two
young surgeons, William Halsted and Richard Hall, described blocks of the sensory nerves of the
face and arm. Halsted even performed a brachial plexus block but did so under direct vision while
the patient received an inhaled anesthetic.3® Unfortunately, self-experimentation with cocaine was
hazardous, as both surgeons became addicted.®” Addiction was an ill-understood but frequent
problem in the late nineteenth century, especially when cocaine and morphine were present in
many patent medicines and folk remedies.

Other regional anesthetic techniques were attempted before the end of the nineteenth century.
The term “spinal anesthesia” was coined in 1885 by Leonard Corning, a neurologist who had
observed Hall and Halsted. Corning wanted to assess the action of cocaine as a specific therapy
for neurologic problems. After first assessing its action in a dog, producing a blockade of rapid
onset that was confined to the animal's rear legs, he performed a neuraxial block using cocaine on
a man “addicted to masturbation.” Corning administered one dose without effect, then after a
second dose, the patient's legs “felt sleepy.” The man had impaired sensibility in his lower
extremity after about 20 minutes and left Corning's office “none the worse for the experience.”38
Although Corning did not describe escape of cerebrospinal fluid (CSF) in either case, it is likely
that the dog had a spinal anesthetic and that the man had an epidural anesthetic. No therapeutic
benefit was described, but Corning closed his account and his attention to the subject by
suggesting that cocainization might in time be “a substitute for etherization in genito-urinary or
other branches of surgery.”3°

Two other authors, August Bier and Theodor Tuffier, described authentic spinal anesthesia, with
mention of cerebrospinal fluid, injection of cocaine, and an appropriately short onset of action. In
a comparative review of the original articles by Bier, Tuffier, and Corning, it was concluded that
Corning's injection was extradural, and Bier merited the credit for introducing spinal anesthesia.*°

SPINAL ANESTHESIA

Fourteen years passed before spinal anesthesia was performed for surgery. In the interval,
Heinrich Quincke of Kiel, Germany, had described his technique of lumbar puncture. He offered the
valuable observation that it was most safely performed at the level of the third or fourth lumbar
interspace, because entry at that level was below the termination of the spinal cord. Quincke's
technique was used in Kiel for the first deliberate cocainization of the spinal cord in 1899 by his
surgical colleague, August Bier. Six patients received small doses of cocaine intrathecally, but,
because some cried out during surgery while others vomited and experienced headaches, Bier
considered it necessary to conduct further experiments before continuing this technique for
surgery.

Professor Bier permitted his assistant, Dr. Hildebrandt, to perform a lumbar puncture, but, after
the needle penetrated the dura, Hildebrandt could not fit the syringe to the needle and a large
volume of the professor's spinal fluid escaped. They were at the point of abandoning the study
when Hildebrandt volunteered to be the subject of a second attempt. Their persistence was
rewarded with an astonishing success. Twenty-three minutes after the spinal injection, Bier noted:
“A strong blow with an iron hammer against the tibia was not felt as pain. After 25 minutes:
Strong pressure and pulling on a testicle were not painful.”#® They celebrated their success with
wine and cigars. That night, both developed violent headaches, which they attributed at first to
their celebration. Bier's headache was relieved after 9 days of bedrest. Hildebrandt, as a house
officer, did not have the luxury of continued rest. Bier postulated that their headaches were a
result of the loss of large volumes of CSF and urged that this be avoided if possible. The high
incidence of complications following lumbar puncture with wide-bore needles and the toxic
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reactions attributed to cocaine explain his later loss of interest in spinal anesthesia.*?

Surgeons in several other countries soon practiced spinal anesthesia and progress occurred by
many small contributions to the technique. Theodor Tuffier published the first series of 125 spinal
anesthetics from France and he later counseled that the solution should not be injected before CSF
was seen. The first American report was by Rudolph Matas of New Orleans, whose first patient
developed postanesthetic meningismus, a frequent complication that was overcome in part by the
use of hermetically sealed sterile solutions recommended by E. W. Lee of Philadelphia and sterile
gloves as advocated by Halsted. During 1899, Dudley Tait and Guidlo Caglieri of San Francisco
performed experimental studies in animals and therapeutic spinals for orthopedic patients. They
encouraged the use of fine needles to lessen the escape of CSF and urged that the skin and
deeper tissues be infiltrated beforehand with local anesthesia.*? This had been suggested earlier
by William Halsted and the foremost advocate of infiltration anesthesia, Carl Ludwig Schleich of
Berlin. An early American specialist in anesthesia, Ormond Goldan, published an anesthesia record
appropriate for recording the course of “intraspinal cocainization” in 1900. In the same year,
Heinrich Braun learned of a newly described extract of the adrenal gland, epinephrine, which he
used to prolong the action of local anesthetics with great success. Braun developed several new
nerve blocks, coined the term “conduction anesthesia,” and is remembered by European writers as
the “father of conduction anesthesia.” Braun was the first person to use procaine, which, along
with stovaine, was one of the first synthetic local anesthetics produced to reduce the toxicity of
cocaine. Further advances in spinal anesthesia followed the introduction of these and other
synthetic local anesthetics.

Before 1907, anesthesiologists were sometimes disappointed to observe that their spinal
anesthetics were incomplete. Most believed that the drug spread solely by local diffusion before
the property of baricity was investigated by Arthur Barker, a London surgeon.*3 Barker
constructed a glass tube shaped to follow the curves of the human spine and used it to
demonstrate the limited spread of colored solutions that he had injected through a T-piece in the
lumbar region. Barker applied this observation to use solutions of stovaine made hyperbaric by the
addition of 5% glucose, which worked in a more predictable fashion. After the injection was
complete, Barker placed his patient's head on pillows to contain the anesthetic below the nipple
line. Lincoln Sise acknowledged Barker's work in 1935 when he introduced the use of hyperbaric
solutions of pontocaine. John Adriani advanced the concept further in 1946 when he used a
hyperbaric solution to produce “saddle block,” or perineal anesthesia. Adriani's patients remained
seated after injection as the drug descended to the sacral nerves.

Tait, Jonnesco, and other early masters of spinal anesthesia used a cervical approach for
thyroidectomy and thoracic procedures, but this radical approach was supplanted in 1928 by the
lumbar injection of hypobaric solutions of “light” nupercaine by G. P. Pitkin. Although the use of
hypobaric solutions is now limited primarily to patients positioned in the jackknife position, their
former use for thoracic procedures demanded skill and precise timing. The enthusiasts of
hypobaric anesthesia devised formulas to attempt to predict the time in seconds needed for a
warmed solution of hypobaric nupercaine to spread in patients of varying size from its site of
injection in the lumbar area to the level of the fourth thoracic dermatome.

The recurring problem of inadequate duration of single-injection spinal anesthesia led a
Philadelphia surgeon, William Lemmon, to devise an apparatus for continuous spinal anesthesia in
1940.4% Lemmon began with the patient in the lateral position. The spinal tap was performed with
a malleable silver needle, which was left in position. As the patient was turned supine, the needle
was positioned through a hole in the mattress and table. Additional injections of local anesthetic
could be performed as required. Malleable silver needles also found a less cumbersome and more
common application in 1942 when Waldo Edwards and Robert Hingson encouraged the use of
Lemmon's needles for continuous caudal anesthesia in obstetrics. In 1944 Edward Tuohy of the
Mayo Clinic introduced two important modifications of the continuous spinal techniques. He
developed the now familiar Tuohy needle*® as a means of improving the ease of passage of
lacquered silk ureteral catheters through which he injected incremental doses of local
anesthetic.4



In 1949, Martinez Curbelo of Havana, Cuba, used Tuohy's needle and a ureteral catheter to
perform the first continuous epidural anesthetic. Silk and gum elastic catheters were difficult to
sterilize and sometimes caused dural infections before being superseded by disposable plastics.
Yet deliberate single-injection peridural anesthesia had been practiced occasionally for decades
before continuous techniques brought it greater popularity. At the beginning of the twentieth
century, two French clinicians experimented independently with caudal anesthesia. The neurologist
Jean Athanase Sicard applied the technique for a nonsurgical purpose, the relief of back pain.
Fernand Cathelin used caudal anesthesia as a less dangerous alternative to spinal anesthesia for
hernia repairs. He also demonstrated that the epidural space terminated in the neck by injecting a
solution of India ink into the caudal canal of a dog. The lumbar approach was first used solely for
multiple paravertebral nerve blocks before the Pagés-Dogliotti single-injection technique became
accepted. As they worked separately, the technique carries the names of both men. Captain Fidel
Pagés prepared an elegant demonstration of segmental single-injection peridural anesthesia in
1921, but died soon after his paper appeared in a Spanish military journal.*” Ten years later,
Achille M. Dogliotti of Turin, Italy, wrote a classic study
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that made the epidural technique well known.*® Whereas Pagés used a tactile approach to identify
the epidural space, Dogliotti identified it by the loss-of-resistance technique.

Surgery on the extremities lent itself to other regional anesthesia techniques. In 1902, Harvey
Cushing coined the phrase “regional anesthesia” for his technique of blocking either the brachial
or sciatic plexus under direct vision during general anesthesia to reduce anesthesia requirements
and provide postoperative pain relief.® Fifteen years before his publication, George Crile
advanced a similar approach to reduce the stress and shock of surgery. Crile, a dedicated
advocate of regional and infiltration techniques during general anesthesia, coined the term “anoci-

association.”59

An intravenous regional technique with procaine was reported in 1908 by August Bier, the surgeon
who had pioneered spinal anesthesia. Bier injected procaine into a vein of the upper limb between
two tourniquets. Even though the technique is termed the “Bier block,” it was not used for many
decades until it was reintroduced 55 years later by Mackinnon Holmes, who modified the technique
by exsanguination before applying a single proximal cuff. Holmes used lidocaine, the very
successful amide local anesthetic synthesized in 1943 by Lofgren and Lundquist of Sweden.

Several investigators achieved upper extremity anesthesia by percutaneous injections of the
brachial plexus. In 1911, based on his intimate knowledge of the anatomy of the axillary area,
Hirschel promoted a “blind” axillary injection. In the same year, Kulenkampff described a
supraclavicular approach in which the operator sought out paresthesias of the plexus while
keeping the needle at a point superficial to the first rib and the pleura. The risk of pneumothorax
with Kulenkampff's approach led Mulley to attempt blocks more proximally by a lateral
paravertebral approach, the precursor of what is now popularly known as the “Winnie block.”

Heinrich Braun wrote the earliest textbook of local anesthesia, which appeared in its first English
translation in 1914. After 1922, Gaston Labat's Regional Anesthesia dominated the American
market. Labat migrated from France to the Mayo Clinic in Minnesota, where he served briefly
before taking a permanent position at the Bellevue Hospital in New York. He formed the first
American Society for Regional Anesthesia.5! After Labat's death, Emery A. Rovenstine was
recruited to Bellevue to continue Labat's work, among other responsibilities. Rovenstein created
the first American clinic for the treatment of chronic pain, where he and his associates refined
techniques of lytic and therapeutic injections and used the American Society of Regional
Anesthesia to further the knowledge of pain management across the United States.5?

The development of the multidisciplinary pain clinic was one of many contributions to

anesthesiology made by John J. Bonica, a renowned teacher of regional techniques. During
his periods of military, civilian, and university service at the University of Washington, Bonica
formulated a series of improvements in the management of patients with chronic pain. His classic
text The Management of Pain, now in its third edition, is regarded as a classic of the literature of
anesthesia.



ANESTHESIA MACHINES AND MECHANICAL VENTILATION

Early Anesthesia Delivery Systems

The transition from ether inhalers and chloroform-soaked handkerchiefs to more sophisticated

anesthesia delivery equipment occurred gradually, with incremental advances supplanting
older methods. One of the earliest anesthesia apparatus designs was that of John Snow, who had
realized the inadequacies of ether inhalers through which patients rebreathed via a mouthpiece.
After practicing anesthesia for only 2 weeks, Snow created the first of his series of ingenious
ether inhalers.%3 His best-known apparatus featured unidirectional valves within a malleable, well-
fitting mask of his own design, which closely resembles the form of a modern face mask. The face
piece was connected to the vaporizer by a breathing tube, which Snow deliberately designed to be
wider than the human trachea so that even rapid respirations would not be impeded. A metal coil
within the vaporizer ensured that the patient's inspired breath was drawn over a large surface
area to promote the uptake of ether. The device also incorporated a warm water bath to maintain
the volatility of the agent (Fig. 1-2). Snow did not attempt to capitalize on his creativity, in
contrast to William Morton; he closed his account of its preparation with the generous
observation, “There is no restriction respecting the making of it.”%4

FIGURE 1-2. John Snow's ether inhaler (1847). The ether chamber (B) contained a spiral coil
so that the air entering through the brass tube (D) was saturated by ether before ascending
the flexible tube (F) to the face mask (G). The ether chamber rested in a bath of warm water

(A).

Joseph Clover, another British physician, was the first anesthetist to administer chloroform in
known concentrations through the “Clover bag.” He obtained a 4.5% concentration of chloroform
in air by pumping a measured volume of air with a bellows through a warmed evaporating vessel
containing a known volume of liquid chloroform.>% Although it was realized that nitrous oxide
diluted in air often gave a hypoxic mixture, and that the oxygen-nitrous oxide mixture was safer,
Chicago surgeon Edmund Andrews complained about the physical limitations of delivering
anesthesia to patients in their homes. The
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large bag was conspicuous and awkward to carry along busy streets. He observed that, “In city
practice, among the higher classes, however, this is no obstacle as the bag can always be taken in
a carriage, without attracting attention.”5¢ In 1872, Andrews was delighted to report the
availability of liquefied nitrous oxide compressed under 750 pounds of pressure, which allowed a



supply sufficient for three patients to be carried in a single cylinder.

Critical to increasing patient safety was the development of a machine capable of delivering a
calibrated amount of gas and volatile anesthetic. In the late nineteenth century, demands in
dentistry instigated development of the first freestanding anesthesia machines. Three American
dentist-entrepreneurs, Samuel S. White, Charles Teter, and Jay Heidbrink, developed the original
series of U.S. instruments that used compressed cylinders of nitrous oxide and oxygen. Before
1900, the S. S. White Company modified Frederick Hewitt's apparatus and marketed its
continuous-flow machine, which was refined by Teter in 1903. Heidbrink added reducing valves in
1912. In the same year, physicians initiated other important developments. Water-bubble flow
meters, introduced by Frederick Cotton and Walter Boothby of Harvard University, allowed the
proportion of gases and their flow rate to be approximated. The Cotton and Boothby apparatus
was transformed into a practical portable machine by James Tayloe Gwathmey of New York. The
Gwathmey machine caught the attention of a London anesthetist Henry E. G. “Cockie” Boyle, who
acknowledged his debt to the American when he incorporated Gwathmey's concepts in the first of
the series of “Boyle” machines that were marketed by Coxeter and British Oxygen Corporation.
During the same period in Lubeck, Germany, Heinrich Draeger and his son, Bernhaard, adapted
compressed-gas technology, which they had originally developed for mine rescue equipment, to
manufacture ether and chloroform-oxygen machines.

In the years after World War I, several U.S. manufacturers continued to bring forward widely
admired anesthesia machines. Some companies were founded by dentists, including Heidbrink and
Teter. Karl Connell and EImer Gatch were surgeons. Richard von Foregger was an engineer who
was exceptionally receptive to clinicians' suggestions for additional features for his machines.
Elmer McKesson became one of the country's first specialists in anesthesiology in 1910 and
developed a series of gas machines. In an era of flammable anesthetics, McKesson carried
nonflammable nitrous oxide anesthesia to its therapeutic limit by performing inductions with 100%
nitrous oxide and thereafter adding small volumes of oxygen. If the resultant cyanosis became too
profound, McKesson depressed a valve on his machine that flushed a small volume of oxygen into
the circuit. Even though his techniques of primary and secondary saturation with nitrous oxide are
no longer used, the oxygen flush valve is part of McKesson's legacy.

Carbon Dioxide Absorption

Carbon dioxide (CO,) absorbance is a basic element of modern anesthetic machines. It was
initially developed to allow rebreathing of gas and minimize loss of flammable gases into the
room, thereby reducing the risk of explosion. In current practice, it permits decreased utilization
of anesthetic and reduced cost. The first CO, absorber in anesthesia came in 1906 from the work
of Franz Kuhn, a German surgeon. His use of canisters developed for mine rescues by Draeger was
innovative, but his circuit had unfortunate limitations. The exceptionally narrow breathing tubes
and a large dead space explain its very limited use, and Kuhn's device was ignored.

A few years later, the first American machine with a CO, absorber was independently fabricated by
a pharmacologist named Dennis Jackson. In 1915, Jackson developed an early technique of CO,
absorption that permitted the use of a closed anesthesia circuit. He used solutions of sodium and
calcium hydroxide to absorb CO,. As his laboratory was located in an area of St. Louis, Missouri,
heavily laden with coal smoke, Jackson reported that the apparatus allowed him the first breaths
of absolutely fresh air he had ever enjoyed in that city. The complexity of Jackson's apparatus
limited its use in hospital practice, but his pioneering work in this field encouraged Ralph Waters
to introduce a simpler device using soda lime granules 9 years later. Waters positioned a soda
lime canister (Fig. 1-3) between a face mask and an adjacent breathing bag to which was attached
the fresh gas flow. As long as the mask was held against the face, only small volumes of fresh gas
flow were required and no valves were needed.5”




FIGURE 1-3. Waters' carbon dioxide absorbance canister.

When Waters made his first “to-and-fro” device, he was attempting to develop a specialist practice
in anesthesia in Sioux City, lowa, and had achieved limited financial success. Waters believed that
his device had advantages for both clinician and patient. Economy of operation was crucial when
private patients and insurance companies were reluctant to pay for specialist's services, drugs,
and supplies. Waters estimated that his new canister would reduce costs for gases and soda lime
to less than $.50 per hour. This portable apparatus could be easily carried to private residences
and hospital settings, preventing contamination of the operating environments with the
malodorous and explosive vapors of ethylene. Waters even recognized that the canister supplied
the added benefits of conserving body heat and humidifying inspired gases.

Waters' device featured awkward positioning of the canister close to the patient's face. Brian
Sword overcame this limitation in 1930 with a freestanding machine with unidirectional valves to
create a circle system and an in-line CO, absorber.%® James Elam and his co-workers at the
Roswell Park Cancer Institute in Buffalo, New York, further refined the CO, absorber, increasing
the efficiency of CO, removal with a minimum of resistance for breathing.%® Consequently, the
circle system introduced by Sword in the 1930s, with a few refinements, became the standard
anesthesia circuit in North America.
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Alternative Circuits

A valveless device, the Ayre's T-piece, has found wide application in the management of intubated
patients. Phillip Ayre practiced anesthesia in England when the limitations of equipment for
pediatric patients produced what he described as “a protracted and sanguine battle between
surgeon and anaesthetist, with the poor unfortunate baby as the battlefield.”®° In 1937, Ayre
introduced his valveless T-piece to reduce the effort of breathing in neurosurgical patients. The T-
piece soon became particularly popular for cleft palate repairs, as the surgeon had free access to
the mouth. Positive pressure ventilation could be achieved when the anesthetist obstructed the
expiratory limb. In time, this ingenious, lightweight, nonrebreathing device evolved through more



than 100 modifications for a variety of special situations. A significant alteration was Gordon
Jackson Rees' circuit, which permitted improved control of ventilation by substituting a breathing
bag on the outflow limb.6* An alternative method to reduce the amount of equipment near the
patient is provided by the coaxial circuit of the Bain-Spoerel apparatus.®? This lightweight tube-
within-a-tube has served very well in many circumstances since its Canadian innovators described
itin 1972.

Flow Meters

As closed and semiclosed circuits became practical, gas flow could be measured with greater
accuracy. Bubble flow meters were replaced with dry bobbins or ball-bearing flow meters, which,
although they did not leak fluids, could cause inaccurate measurements if they adhered to the
glass column. In 1910, M. Neu had been the first to apply rotameters in anesthesia for the
administration of nitrous oxide and oxygen, but his machine was not a commercial success,
perhaps because of the great cost of nitrous oxide in Germany at that time. Rotameters designed
for use in German industry were first employed in Britain in 1937 by Richard Salt; but as World
War Il approached, the English were denied access to these sophisticated flow meters. After World
War Il rotameters became regularly employed in British anesthesia machines, although most
American equipment still featured nonrotating floats. The now universal practice of displaying gas
flow in liters per minute was not a customary part of all American machines until more than a
decade after World War Il. Some anesthesiologists still in practice learned to calculate gas flows
in the cumbersome proportions of gallons per hour.

Vaporizers

The art of a smooth induction with a potent anesthetic was a great challenge, particularly if the
inspired concentration could not be determined with accuracy. This limitation was particularly true
of chloroform, as an excessive rate of administration produced a lethal cardiac depression. Even
the clinical introduction of halothane after 1956 might have been similarly thwarted except for a
fortunate coincidence: the prior development of calibrated vaporizers. Two types of calibrated
vaporizers designed for other anesthetics had become available in the half decade before
halothane was marketed. The prompt acceptance of halothane was in part because of an ability to
provide it in carefully titrated concentrations.

The Copper Kettle was the first temperature-compensated, accurate vaporizer. It had been
developed by Lucien Morris at the University of Wisconsin in response to Ralph Waters' plan to
test chloroform by giving it in controlled concentrations.®® Morris achieved this goal by passing a
metered flow of oxygen through a vaporizer chamber that contained a porex disk to separate the
oxygen into minute bubbles. The gas became fully saturated with anesthetic vapor as it percolated
through the liquid. The concentration of the anesthetic inspired by the patient could be calculated
by knowing the vapor pressure of the liquid anesthetic, the volume of oxygen flowing through the
liquid, and the total volume of gases from all sources entering the anesthesia circuit. Although
experimental models of Morris' vaporizer used a water bath to maintain stability, the excellent
thermal conductivity of copper was substituted in later models. When first marketed, the Copper
Kettle did not feature a mechanism to indicate changes in the temperature (and vapor pressure) of
the liquid. Shuh-Hsun Ngai proposed the incorporation of a thermometer, a suggestion that was
later added to all vaporizers of that class.®*

The Copper Kettle (Foregger Company) and the Vernitrol (Ohio Medical Products) were universal
vaporizers—a property that remained a distinct advantage as new anesthetics were marketed.
Universal vaporizers could be charged with any anesthetic liquid, and, provided that its vapor
pressure and temperature were known, the inspired concentration could be calculated quickly. This
feature gave an unanticipated advantage to American investigators. They were not dependent on
the construction of new agent-specific vaporizers.

When halothane was first marketed in Britain, an effective temperature-compensated, agent-
specific vaporizer had recently been placed in clinical use. The TECOTA (TEmperature
COmpensated Trichloroethylene Air) vaporizer had been created by engineers who had been



frustrated by a giant corporation's unresponsiveness. Their vaporizer featured a bimetallic strip
composed of brass and a nickel—steel alloy, two metals with different coefficients of expansion. As
the anesthetic vapor cooled, the strip bent to move away from the orifice, thereby permitting
more fresh gas to enter the vaporizing chamber. This maintained a constant inspired concentration
despite changes in temperature and vapor pressure. After their TECOTA vaporizer was accepted
into anesthetic practice, the technology was used to create the “Fluotec,” the first of a series of
agent-specific “tec” vaporizers for use in the operating room.

Ventilators

Mechanical ventilators are now an integral part of the anesthesia machine. Patients are ventilated
during general anesthesia by electrical or gas-powered devices that are simple to control yet
sophisticated in their function. The history of mechanical positive pressure ventilation began with
attempts to resuscitate victims of drowning by a bellows attached to a mask or tracheal tube.
These experiments found little role in anesthetic care for many years. At the beginning of the
twentieth century, however, several modalities were explored before intermittent positive pressure
machines evolved.

A series of artificial environments were created in response to the frustration experienced by
thoracic surgeons who found that the lung collapsed when they incised the pleura. Between 1900
and 1910, continuous positive or negative pressure devices were created to maintain inflation of
the lungs of a spontaneously breathing patient once the chest was opened. Brauer (1904) and
Murphy (1905) placed the patient's head and neck in a box in which positive pressure was
continually maintained. Sauerbruch (1904) created a negative-pressure operating chamber
encompassing both the surgical team and the patient's body and from which only the patient's
head projected.®®

In 1907, the first intermittent positive-pressure device, the Draeger “Pulmotor,” was developed to
rhythmically inflate the lungs. This instrument and later American models such as the E & J
Resuscitator were used almost exclusively by firefighters and mine rescue workers. A few
European medical
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workers had an early interest in rhythmic inflation of the lungs. In 1934 a Swedish team
developed the “Spiropulsator,” which C. Crafoord later modified for use during cyclopropane
anesthesia.®% Its action was controlled by a magnetic control valve called the flasher, a type first
used to provide intermittent gas flow for the lights of navigational buoys. When Trier Morch, a
Danish anesthesiologist, could not obtain a Spiropulsator during World War |11, he fabricated the

Morch “Respirator,
patient.®6

which used a piston pump to rhythmically deliver a fixed volume of gas to the

A major stimulus to the development of ventilators came as a consequence of a devastating
epidemic of poliomyelitis that struck Copenhagen, Denmark, in 1952. As scores of patients were
admitted, the only effective ventilatory support that could be provided to patients with bulbar
paralysis was continuous manual ventilation via a tracheostomy employing devices such as Waters'
“to-and-fro” circuit. This succeeded only through the dedicated efforts of hundreds of volunteers.
Medical students served in relays to ventilate paralyzed patients. The Copenhagen crisis
stimulated a broad European interest in the development of portable ventilators in anticipation of
another epidemic of poliomyelitis. At this time, the common practice in North American hospitals
was to place polio patients with respiratory involvement in “iron lungs,” metal cylinders that
encased the body below the neck. Inspiration was caused by intermittent negative pressure
created by an electric motor acting on a piston-like device occupying the foot of the chamber.

Some early American ventilators were adaptations of respiratory-assist machines originally
designed for the delivery of aerosolized drugs for respiratory therapy. Two types employed the
Bennett or Bird “flow-sensitive” valves. The Bennett valve was designed during World War Il when
a team of physiologists at the University of Southern California encountered difficulties in
separating inspiration from expiration in an experimental apparatus designed to provide positive
pressure breathing for aviators at high altitude. An engineer, Ray Bennett, visited their



laboratory, observed their problem, and resolved it with a mechanical flow-sensitive automatic
valve. A second valving mechanism was later designed by an aeronautical engineer, Forrest Bird.

The use of the Bird and Bennett valves gained an anesthetic application when the gas flow from
the valve was directed into a rigid plastic jar containing a breathing bag or bellows as part of an
anesthesia circuit. These “bag-in-bottle” devices mimicked the action of the clinician's hand as the
gas flow compressed the bag, thereby providing positive pressure inspiration. Passive exhalation
was promoted by the descent of a weight on the bag or bellows.

SAFETY STANDARDS

o The introduction of safety features was coordinated by the American National Standards

Institute (ANSI) Committee Z79, which was sponsored from 1956 until 1983 by the American
Society of Anesthesiologists. Since 1983, representatives from industry, government, and
healthcare professions have met on Committee Z79 of the American Society for Testing and
Materials. They establish voluntary goals that may become accepted national standards for the
safety of anesthesia equipment.

Ralph Tovell voiced the first call for standards during World War Il while he was the U.S. Army
Consultant in Anesthesiology for Europe. Tovell found that, as there were four different
dimensions for connectors, tubes, masks, and breathing bags, supplies dispatched to field
hospitals might not match their anesthesia machines. As Tovell observed, “When a sudden need
for accessory equipment arose, nurses and corpsmen were likely to respond to it by bringing parts
that would not fit.”¢7 Although Tovell's reports did not gain an immediate response, after the war
Vincent Collins and Hamilton Davis took up his concern and formed the ANSI Committee Z79. One
of the committee’'s most active members, Leslie Rendell-Baker, wrote an account of the
committee's domestic and international achievements.®® He reported that Tovell encouraged all
manufacturers to select the now uniform orifice of 22 mm for all adult and pediatric face masks
and to make every tracheal tube connector 15 mm in diameter. For the first time, a Z79-designed
mask-tube elbow adapter would fit every mask and tracheal tube connector.

The Z79 Committee introduced other advances. Tracheal tubes of nontoxic plastic bear a Z79 or IT
(Implantation Tested) mark. The committee also mandated touch identification of oxygen flow
control at Roderick Calverley's suggestion, which reduced the risk that the wrong gas would be
selected before internal mechanical controls prevented the selection of an hypoxic mixture.®® Pin
indexing reduced the hazard of attaching a wrong cylinder in the place of oxygen. Diameter
indexing of connectors prevented similar errors in high-pressure tubing. For many years, however,
errors committed in reassembling hospital oxygen supply lines led to a series of tragedies before
polarographic oxygen analyzers were added to the inspiratory limb of the anesthesia circuit.

Control of the Airway

Prior to development of techniques and equipment for safely and effectively intubating the
trachea, airway management left much to be desired. Inhalers, drop techniques, and mask
anesthesia functioned equally when inducing unconsciousness, but unfortunately, were equally
incapable of preventing obstruction of airways. Definitive control of the airway, a skill
anesthesiologists now consider paramount, developed only after many harrowing and apneic
episodes spurred the development of safer airway management techniques. Preceding tracheal
intubation, however, several important techniques were proposed toward the end of the
nineteenth century that remain integral to anesthesiology education and practice.

Joseph Clover was the first Englishman to urge the now universal practice of thrusting the
patient's jaw forward to overcome obstruction of the upper airway by the tongue. Clover also
published a landmark case report in 1877 in which he performed a surgical airway. Once his
patient was asleep, Clover discovered that his patient had a tumor of the mouth that obstructed
the airway completely, despite his trusted jaw thrust maneuver. He averted disaster by inserting a
small curved cannula of his design through the cricothyroid membrane. He continued anesthesia
via the cannula until the tumor was excised. Clover, the model of the prepared anesthesiologist,
remarked, “lI have never used the cannula before although it has been my companion at some



thousands of anaesthetic cases.””°

Tracheal Intubation in Anesthesia

The development of techniques and instruments for intubation ranks among the major advances in
the history of anesthesiology. The first tracheal tubes were developed for the resuscitation of
drowning victims, but were not used in anesthesia until 1878. The first use of elective oral
intubation for an anesthetic was undertaken by Scottish surgeon William Macewan. He had
practiced passing flexible metal tubes through the larynx of a cadaver before attempting the
maneuver on an awake patient with an oral tumor at the Glasgow Royal Infirmary, on July 5,
1878.7! Because topical anesthesia was not yet known,

the experience must have demanded fortitude on the part of Macewan's patient. Once the tube
was correctly positioned, an assistant began a chloroform—air anesthetic via the tube. Once
anesthetized, the patient soon stopped coughing. Unfortunately, Macewan abandoned the practice
following a fatality in which a patient had been successfully intubated while awake but the tube
became dislodged once the patient was asleep. After the tube was removed, an attempt to provide
chloroform by mask anesthesia was unsuccessful and the patient died.

Although there was a sporadic interest in tracheal anesthesia in Edinburgh and other European
centers after Macewan, an American surgeon named Joseph O'Dwyer is remembered for his
extraordinary dedication to the advancement of tracheal intubation. In 1885, O'Dwyer designed a
series of metal laryngeal tubes, which he inserted blindly between the vocal cords of children
suffering a diphtheritic crisis. Three years later, O'Dwyer designed a second rigid tube with a
conical tip that occluded the larynx so effectively that it could be used for artificial ventilation
when applied with the bellows and T-piece tube designed by George Fell. The Fell-O'Dwyer
apparatus, as it came to be known, was used during thoracic surgery by Rudolph Matas of New
Orleans. Matas was so pleased with it that he predicted, “The procedure that promises the most
benefit in preventing pulmonary collapse in operations on the chest is ... the rhythmical
maintenance of artificial respiration by a tube in the glottis directly connected with a bellows.”

After O'Dwyer's death, the outstanding pioneer of tracheal intubation was Franz Kuhn, a surgeon
of Kassel, Germany. From 1900 until 1912, Kuhn published several papers and a classic
monograph, “Die perorale Intubation,” which were not well known in his lifetime but have since
become widely appreciated.’? His work might have had a more profound impact if it had been
translated into English. Kuhn described techniques of oral and nasal intubation that he performed
with flexible metal tubes composed of coiled tubing similar to those now used for the spout of
metal gasoline cans. After applying cocaine to the airway, Kuhn introduced his tube over a curved
metal stylet that he directed toward the larynx with his left index finger. While he was aware of
the subglottic cuffs that had been used briefly by Victor Eisenmenger, Kuhn preferred to seal the
larynx by positioning a supralaryngeal flange near the tube's tip before packing the pharynx with
gauze. Kuhn even monitored the patient's breath sounds continuously through a monaural
earpiece connected to an extension of the tracheal tube by a narrow tube.%®

Intubation of the trachea by palpation was an uncertain and sometimes traumatic act. For some
years, surgeons even believed that it would be anatomically impossible to visualize the vocal cords
directly. This misapprehension was overcome in 1895 by Alfred Kirstein in Berlin who devised the
first direct-vision laryngoscope.’2 Kirstein was motivated by a friend's report that a patient's
trachea had been accidentally intubated during esophagoscopy. Kirstein promptly fabricated a
hand-held instrument that at first resembled a shortened cylindrical esophagoscope. He soon
substituted a semicircular blade that opened inferiorly. Kirstein could now examine the larynx
while standing behind his seated patient, whose head had been placed in an attitude
approximating the “sniffing position.” Although Alfred Kirstein's “autoscope” was not used by
anesthesiologists, it was the forerunner of all modern laryngoscopes. Endoscopy was refined by
Chevalier Jackson in Philadelphia, who designed a U-shaped laryngoscope by adding a handgrip
that was parallel to the blade. The Jackson blade has remained a standard instrument for
endoscopists but was not favored by anesthesiologists. Two laryngoscopes that closely resembled
modern L-shaped instruments were designed in 1910 and 1913 by two American surgeons, Henry
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Janeway and George Dorrance, but neither instrument achieved lasting use despite their excellent
designs.”*

Anesthesiologist-Inspired Laryngoscopes

Before the introduction of muscle relaxants in the 1940s, intubation of the trachea could be
challenging. This challenge was made somewhat easier, however, with the advent of laryngoscope
blades specifically designed to increase visualization of the vocal cords. Robert Miller of San
Antonio, Texas, and Robert Macintosh of Oxford University created their respectively named blades
within an interval of 2 years. In 1941, Miller brought forward the slender, straight blade with a
slight curve near the tip to ease the passage of the tube through the larynx. Although Miller's
blade was a refinement, the technique of its use was identical to that of earlier models as the
epiglottis was lifted to expose the larynx.”®

The Macintosh blade, which is placed in the vallecula, rather than under the epiglottis, was
invented as an incidental result of a tonsillectomy. Sir Robert Macintosh later described the
circumstances of its discovery in an appreciation of the career of his technician, Mr. Richard Salt,
who constructed the blade. As Sir Robert recalled, “A Boyle-Davis gag, a size larger than intended,
was inserted for tonsillectomy, and when the mouth was fully opened the cords came into view.
This was a surprise since conventional laryngoscopy, at that depth of anaesthesia, would have
been impossible in those pre-relaxant days. Within a matter of hours, Salt had modified the blade
of the Davis gag and attached a laryngoscope handle to it; and streamlined (after testing several
models), the end result came into widespread use.”’® Macintosh underestimated the popularity of
the blade as more than 800,000 have been produced, and many special-purpose versions have
been marketed.

The most distinguished innovator in tracheal intubation was the self-trained British anesthetist
lvan (later, Sir lvan) Magill.”” In 1919, while serving in the Royal Army as a general medical
officer, Magill was assigned to a military hospital near London. Although he had only rudimentary
training in anesthesia, Magill was obliged to accept an assignment to the anesthesia service,
where he worked with another neophyte, Stanley Rowbotham.”8 Together, Magill and Rowbotham
attended casualties disfigured by severe facial injuries who underwent repeated restorative
operations. These procedures required that the surgeon, Harold Gillies, have unrestricted access
to the face and airway. These patients presented formidable challenges, but both Magill and
Rowbotham became adept at tracheal intubation and quickly understood its current limitations.
Because they learned from fortuitous observations, they soon extended the scope of tracheal
anesthesia.

They gained expertise with blind nasal intubation after they learned to soften semirigid
insufflation tubes for passage through the nostril. Even though their original intent was to position
the tips of the nasal tubes in the posterior pharynx, the slender tubes frequently ended up in the
trachea. Stimulated by this chance experience, they developed techniques of deliberate
nasotracheal intubation. In 1920, Magill devised an aid to manipulating the catheter tip, the
“Magill angulated forceps,” which continue to be manufactured according to his original design of
75 years ago.

With the war over, Magill entered civilian practice and set out to develop a wide-bore tube that
would resist kinking but be conformable to the contours of the upper airway. While in a hardware
store, he found mineralized red rubber tubing that he cut, beveled, and smoothed to produce
tubes that clinicians around the world would come to call “Magill tubes.” His tubes remained the
universal standard for more than 40 years until rubber products were supplanted by inert plastics.
Magill also rediscovered the advantage of applying cocaine to the nasal mucosa, a technique that
greatly facilitated awake blind nasal intubation.

P.16
In 1926, Arthur Guedel began a series of experiments that led to the introduction of the cuffed
tube. His goal was to combine the safety of tracheal intubation with the safety and economy of the
closed-circuit anesthesia, recently refined by his close friend Ralph Waters.”® Guedel transformed
the basement of his Indianapolis home into a laboratory, where he subjected each step of the



preparation and application of his cuffs to a vigorous review.8% He fashioned cuffs from the rubber
of dental dams, condoms, and surgical gloves that were glued onto the outer wall of tubes. Using
animal tracheas donated by the family butcher as his model, he considered whether the cuff
should be positioned above, below, or at the level of the vocal cords. He recommended that the
cuff be positioned just below the vocal cords to seal the airway. Waters later recommended that
cuffs be constructed of two layers of soft rubber cemented together. These detachable cuffs were
first manufactured by Waters' children, who sold them to the Foregger Company.

Guedel sought ways to show the safety and utility of the cuffed tube. He first filled the mouth of
an anesthetized and intubated patient with water and showed that the cuff sealed the airway.
Even though this exhibition was successful, he searched for a more dramatic technique to capture
the attention of those unfamiliar with the advantages of intubation. He reasoned that if the cuff
prevented water from entering the trachea of an intubated patient, it should also prevent an
animal from drowning, even if it were submerged under water. To encourage physicians attending
a medical convention to use his tracheal techniques, Guedel prepared the first of several “dunked
dog” demonstrations (Fig. 1-4). An anesthetized and intubated dog, Guedel's own pet, “Airway,”
was immersed in an aquarium. After the demonstration was completed, the anesthetic was
discontinued before the animal was removed from the water. Airway awoke promptly, shook water
over the onlookers, saluted a post, then trotted from the hall to the applause of the audience.

FIGURE 1-4. “The dunked dog.” Arthur Guedel demonstrated the safety of endotracheal
intubation with a cuffed tube by submerging his anesthetized pet, Airway, in an aquarium
while the animal breathed an ethylene-oxygen anesthetic through an underwater Waters"' “to-
and-fro” anesthesia circuit.

Endobronchial Tubes—The Next Step

After a patient experienced an accidental endobronchial intubation, Ralph Waters reasoned that a
very long cuffed tube could be used to ventilate the dependent lung while the upper lung was
being resected.®! On learning of his friend's success with intentional one-lung anesthesia, Arthur
Guedel proposed an important modification for chest surgery, the double-cuffed single-lumen
tube, which was introduced by Emery Rovenstine. These tubes were easily positioned, an
advantage over bronchial blockers that had to be inserted by a skilled bronchoscopist.

Following World War 11, several double-cuffed single-lumen tubes were used for thoracic surgery,
but after 1953, these were supplanted by double-lumen endobronchial tubes. The double-lumen
tube currently most popular was designed by Frank Robertshaw of Manchester, England, and is
prepared in both right- and left-sided versions. Robertshaw tubes were first manufactured from
mineralized red rubber but are now made of extruded plastic, a technique refined by David



Sheridan. Sheridan was also the first person to embed centimeter markings along the side of
tracheal tubes, a safety feature that reduced the risk of the tube's being incorrectly positioned.

Airway Management Devices

Conventional laryngoscopes proved inadequate for patients with “difficult airways.” A few
clinicians credit harrowing intubating experiences as the incentive for invention. In 1928, a rigid
bronchoscope was specifically designed for examination of the large airways. Rigid bronchoscopes
were refined and used by pulmonologists. Although it was known in 1870 that a thread of glass
could transmit light along its length, technological limitations were not overcome until 1964 when
Shigeto lkeda developed the first flexible fiberoptic bronchoscope. Fiberoptic-assisted tracheal
intubation has become a common approach in the management of patients with difficult airways
having surgery.

Roger Bullard desired a device to simultaneously examine the larynx and intubate the vocal cords.
He had been frustrated by failed attempts to visualize the larynx of a patient with Pierre-Robin
syndrome. In response, he developed the Bullard laryngoscope, whose fiberoptic bundles lie
beside a curved blade. Similarly, the Wu-scope was designed by Tzu-Lang Wu in 1994 to combine
and facilitate visualization and intubation of the trachea in patients with difficult airways.8?

The passage of flexible fiberoptic bronchoscopes has been aided by “intubating airways” such as
those designed by Berman, Ovassapian, Augustine, Williams, Luomanen, and Patil. Patients
requiring continuous-oxygen administration during fiberoptic bronchoscopy may breathe through
the Patil face mask, which features a separate orifice through which the scope is advanced. The
Patil face mask is only one of an extensive series of aides to intubation created by the innovative
“Vijay” Patil.

Dr. A. I. J. “Archie” Brain first recognized the principle of the laryngeal mask airway (LMA) in
1981 when, like many British clinicians, he provided dental anesthesia via a Goldman nasal mask.
However, unlike any before him, he realized that just as the dental mask could be fitted closely
about the nose, a comparable mask attached to a wide-bore tube might be positioned around the
larynx. He not only conceived of this radical departure in airway management, which he first
described in 1983,8% but also spent years in single-handedly fabricating and testing scores of
incremental modifications. Scores of Brain's prototypes are displayed in the Royal Berkshire
Hospital, Reading, England, where they provide a detailed record of the evolution of the LMA. He
fabricated his first models from Magill tubes and Goldman masks, then refined their shape by
performing postmortem studies of the hypopharynx to determine the form of cuff that would be
most functional. Before silicone rubber was selected, Brain had even mastered the technique of
forming masks from liquid latex. Every detail of the LMA, the number and position of the aperture
bars, the shape and the size of the masks, required repeated modification.

PATIENT MONITORING

In many ways, the history of late-nineteenth- and early-twentieth-century anesthesiology is the
quest for the safest anesthetic. The discovery and widespread use of electrocardiography, pulse
oximetry, blood gas analysis, capnography, and neuromuscular blockade monitoring have reduced
patient morbidity and mortality and revolutionized anesthesia practice. While safer machines
assured clinicians that appropriate gas mixtures were delivered to the patient, monitors provided
an early warning of acute physiologic deterioration before patients suffered irrevocable damage.

Joseph Clover was one of the first clinicians to routinely perform basic hemodynamic monitoring.
Clover developed the habit of monitoring his patients’' pulse but surprisingly, this was a
contentious issue at the time. Prominent Scottish surgeons scorned Clover's emphasis on the
action of chloroform on the heart. Baron Lister and others preferred that senior medical students
give anesthetics and urged them to “strictly carry out certain simple instructions, among which is
that of never touching the pulse, in order that their attention may not be distracted from the
respiration.”8* Lister also counseled, “it appears that preliminary examination of the chest, often
considered indispensable, is quite unnecessary, and more likely to induce the dreaded syncope, by



alarming the patients, than to avert it.”8* Little progress in anesthesia could come from such
reactionary statements. In contrast, Clover had observed the effect of chloroform on animals and
urged other anesthetists to monitor the pulse at all times and to discontinue the anesthetic
temporarily if any irregularity or weakness was observed in the strength of the pulse.

Two American surgeons, George W. Crile and Harvey Cushing, developed a strong interest in
measuring blood pressure during anesthesia. Both men wrote thorough and detailed examinations
of blood pressure monitoring; however, Cushing's contribution is better remembered because he
was the first American to apply the Riva Rocci cuff, which he saw while visiting Italy. Cushing
introduced the concept in 1902 and had blood pressure measurements recorded on anesthesia
records.®® In 1894, Cushing and a fellow student at Harvard Medical School, Charles Codman,
initiated a system of recording patients' pulses to assess the course of the anesthetics they
administered. In 1902, Cushing continued the practice of monitoring and recording patient blood
pressures and pulses. The transition from manual to automated blood pressure devices, which first
appeared in 1936 and operate on an oscillometric principle, has been gradual. The development of
inexpensive microprocessors has enabled routine use of automatic cuffs in clinical settings.

The first precordial stethoscope was believed to have been used by S. Griffith Davis at Johns
Hopkins University.®® He adapted a technique developed by Harvey Cushing in a laboratory in
which dogs with surgically induced valvular lesions had stethoscopes attached to their chest wall
so that medical students might listen to bruits characteristic of a specific malformation. Davis’
technique was forgotten but was rehabilitated by Dr. Robert Smith, an energetic pioneer of
pediatric anesthesiology in Boston. A Canadian contemporary, Albert Codesmith, of the Hospital
for Sick Children, Toronto, became frustrated by the repeated dislodging of the chest piece under
the surgical drapes and fabricated his first esophageal stethoscope from urethral catheters and
Penrose drains. His brief report heralded its clinical role as a monitor of both normal and
adventitious respiratory and cardiac sounds.8® An additional benefit was that the stethoscope
could protect against the risk of disconnection of a paralyzed patient from the anesthesia circuit.
In the era before audible circuit disconnect alarms, the patient's survival depended upon the
anesthesiologist's recognition of the sudden disappearance of breath sounds.

Electrocardiography, Pulse Oximetry, and Capnography

Clinical electrocardiography began with Willem Einthoven's application of the string galvanometer
in 1903. Within two decades, Thomas Lewis had described its role in the diagnosis of disturbances
of cardiac rhythm, while James Herrick and Harold Pardee first drew attention to the changes
produced by myocardial ischemia. After 1928, cathode ray oscilloscopes were available, but the
risk of explosion owing to the presence of flammable anesthetics forestalled the introduction of
the electrocardiogram into routine anesthetic practice until after World War Il. At that time, the
small screen of the heavily shielded “bullet” oscilloscope displayed only 3 seconds of data, but
that information was highly prized.

Pulse oximetry, the optical measurement of oxygen saturation in tissues, is one of the more recent
additions to the anesthesiologist's array of routine monitors. Severinghaus states, “Pulse oximetry
is arguably the most important technological advance ever made in monitoring the well-being and
safety of patients during anesthesia, recovery, and critical care.”®” Although research in this area
began in 1932, its first practical application came during World War Il. An American physiologist,
Glen Millikan, responded to a request from British colleagues in aviation research. Millikan set
about preparing a series of devices to improve the supply of oxygen that was provided to pilots
flying at high altitude in unpressurized aircraft. To monitor oxygen delivery and to prevent the
pilot from succumbing to an unrecognized failure of his oxygen supply, Millikan created an
oxygen-sensing monitor worn on the pilot's earlobe, and coined the name oximeter to describe its
action. Before his tragic death in a climbing accident in 1947, Millikan had begun to assess
anesthetic applications of oximetry.

For the next three decades, oximetry was rarely used by anesthesiologists, and then primarily in
research studies such as those of Albert Faulconer and John Pender. Refinements of oximetry by a
Japanese engineer, Takuo Aoyagi, led to the development of pulse oximetry. As John Severinghaus



recounted the episode, Aoyagi had attempted to eliminate the changes in a signal caused by
pulsatile variations when he realized that this fluctuation could be used to measure both the pulse
and oxygen saturation.®”’

Although pulse oximetry gives second-by-second data about oxygen saturation, anesthesiologists
have recognized a need for breath-by-breath measurement of respiratory and anesthetic gases.
After 1954, infrared absorption techniques gave immediate displays of the exhaled concentration
of CO,. Clinicians quickly learned to relate abnormal concentrations of CO, to threatening
situations such as the inappropriate placement of a tracheal tube in the esophagus, abrupt
alterations in pulmonary blood flow, and other factors. More recently, infrared analysis has been
perfected to enable breath-by-breath measurement of anesthetic gases as well. This technology
has largely replaced mass spectrometry, which initially had only industrial applications before
Albert Faulconer of the Mayo Clinic first used it to monitor the concentration of an exhaled
anesthetic in 1954.

The ability to confirm endotracheal intubation and monitor ventilation, as reflected by
concentrations of CO, in respired gas, began in 1943. At that time, K. Luft described the principle

of infrared absorption by CO, and he developed an apparatus for measurement.®® Routine
application of capnography in anesthesia practice was pioneered by Dr. Bob Smalhout and Dr.

Zden Kalenda in the Netherlands. Breath-to-breath continuous monitoring and a waveform display
of CO, levels help

anesthesiologists recognize abnormalities in metabolism, ventilation, and circulation.

INTRAVENOUS MEDICATIONS IN ANESTHESIA

Prior to William Harvey's description of a complete and continuous intravascular circuit in De Motu
Cordis (1628), it was widely held that blood emanated from the heart and was propelled to the
periphery where it was consumed. The idea that substances could be injected intravascularly and
travel systemically probably originated with Christopher Wren. In 1657, Wren injected aqueous
opium into a dog through a goose quill attached to a pig's bladder, rendering the animal
“stupefied.”®® Wren similarly injected intravenous crocus mettalorum, an impure preparation of
antimony, and observed the animals to vomit and then die. Knowledge of a circulatory system and
intravascular access spurred investigations in other areas, and Wren's contemporary, Richard
Lower, performed the first blood transfusions of lamb’'s blood into dogs and other animals.

In the mid-nineteenth century, equipment necessary for effective intravascular injections was
conceived. Vaccination lancets were used in the 1830s to puncture the skin and force morphine
paste subcutaneously for analgesia.®® The hollow needle and hypodermic syringe were developed
in the following decades but were not initially designed for intravenous use. In 1845, Dublin
surgeon Francis Rynd created the hollow needle for injection of morphine into nerves in the
treatment of “neuralgias.” Similarly, Charles Gabriel Pravaz designed the first functional syringe in
1853 for perineural injections. Alexander Wood, however, is generally credited with perfecting the
hypodermic glass syringe. In 1855, Wood published a paper on the injection of opiates into painful
spots by use of hollow needle and his glass syringe.®?

In 1872, Pierre Oré of Lyons performed what is perhaps the first successful intravenous surgical
anesthetic by injecting chloral hydrate immediately prior to incision. His 1875 publication
describes its use in 36 patients but several postoperative deaths lent little to recommend this
method to other practitioners.®? In 1909, Ludwig Burkhardt produced surgical anesthesia by
intravenous injections of chloroform and ether in Germany. Seven years later, Elisabeth
Bredenfeld of Switzerland reported the use of intravenous morphine and scopolamine. The trials
failed to show an improvement over inhaled techniques. Intravenous anesthesia found little
application or popularity, primarily because of a lack of suitable drugs. In the following decades,
this would change.

INDUCTION AGENTS

The first barbiturate, barbital, was synthesized in 1903 by Fischer and von Mering. Phenobarbital
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and all other successors of barbital had very protracted action and found little use in anesthesia.
After 1929, oral pentobarbital was used as a sedative before surgery, but when it was given in
anesthetic concentrations, long periods of unconsciousness followed. The first short-acting
oxybarbiturate was hexobarbital (Evipal), available clinically in 1932. Hexobarbital was
enthusiastically received by the anesthesia communities in Europe and North America because its
abbreviated induction time was unrivaled by any other technique. A London anesthetist, Ronald
Jarman, found that it had a dramatic advantage over inhalation inductions for minor procedures.
Jarman instructed his patients to raise one arm while he injected hexobarbital into a vein of the
opposite forearm. When the upraised arm fell, indicating the onset of hypnosis, the surgeon could
begin. Patients were also amazed in that many awoke unable to believe they had been
anesthetized.®3 (Soon after Evipal was introduced, Robert Macintosh administered it to Sir William
Morris, the manufacturer of the Morris Garages [MG] automobiles. When Morris awoke, he learned
that his surgery was completed, and was amazed by this “magic experience,” which he contrasted
with his vivid recollections of the terror of undergoing a mask induction as a child in a dentist's
office. Morris [later, Viscount Nuffield] insisted, over the objections of Oxford's medical
establishment, on endowing a department of anesthesia for the university as a precondition of his
support for a postgraduate medical center. In 1937, Sir Robert Macintosh became Oxford's first
professor of anesthesiology. He led the growth of the first university department in Europe from
the first fully endowed Chair of Anaesthesia and helped establish one of the most distinguished
anesthesia centers in the world.)

Even though the prompt action of hexobarbital had a dramatic effect on the conduct of anesthesia,
it was soon replaced by two thiobarbiturates. In 1932, Donalee Tabern and Ernest H. Volwiler of
the Abbott Company synthesized thiopental (Pentothal) and thiamylal (Surital). The sulfated
barbiturates proved to be more satisfactory, potent, and rapid acting than were their
oxybarbiturate analogs. Thiopental was first administered to a patient at the University of
Wisconsin in March 1934, but the successful introduction of thiopental into clinical practice
followed a thorough investigation conducted by John Lundy and his colleagues at the Mayo Clinic
in June 1934.

When first introduced, thiopental was often given in repeated increments as the primary
anesthetic for protracted procedures. Its hazards were soon appreciated. At first, depression of
respiration was monitored by the simple expedient of observing the motion of a wisp of cotton
placed over the nose. Only a few skilled practitioners were prepared to pass a tracheal tube if the
patient stopped breathing. Such practitioners realized that thiopental without supplementation did
not suppress airway reflexes, and they therefore encouraged the prophylactic provision of topical
anesthesia of the airway beforehand. The vasodilatory effects of thiobarbiturates were widely
appreciated only when thiopental caused cardiovascular collapse in hypovolemic burned civilian
and military patients in World War Il. In response, fluid replacement was used more aggressively
and thiopental administered with greater caution.

In 1962, ketamine was synthesized by Dr. Calvin Stevens at the Parke Davis laboratories in Ann
Arbor, Michigan. One of the cyclohexylamine compounds that includes phencyclidine (PCP),
ketamine was the only drug of this group that gained clinical utility. The other compounds
produced undesirable postanesthetic delirium and psychomimetic reactions. In 1966, the
neologism “dissociative anesthesia” was created by Guenter Corrsen and Edward Domino to
describe the trance-like state of profound analgesia produced by ketamine.®* It was released for
use in 1970 and although it remains primarily an agent for anesthetic induction, its analgesic
properties are increasingly studied and utilized by pain specialists.

Etomidate was first described by Paul Janssen and his colleagues in 1964, and originally given the
name Hypnomidate. Its key advantages, minimal hemodynamic depression and lack of histamine
release, account for its ongoing utility in clinical practice. It was released for use in 1974 and
despite its drawbacks (pain on injection, myoclonus, postoperative nausea and vomiting, and
inhibition of adrenal steroidogenesis), etomidate is often the drug of choice for anesthetizing
hemodynamically unstable patients.
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Propofol, or 2,-6 di-isopropyl phenol, was first synthesized by Imperial Chemical Industries and
tested clinically in 1977. Investigators found that it produced hypnosis quickly with minimal
excitation and that patients awoke promptly once the drug was discontinued. In addition to its
excellent induction characteristics, propofol's antiemetic action made it an agent of choice in
patient populations prone to nausea and emesis. Regrettably, Cremophor EL, the solvent with
which it was formulated, produced several severe anaphylactic reactions and it was withdrawn
from use. Once propofol was reformulated with egg lecithin, glycerol, and soybean oil, the drug
reentered clinical practice and gained great success. Its popularity in Britain coincided with the
introduction of the LMA, and it was soon noted that propofol suppressed pharyngeal reflexes to a
degree that permitted the insertion of an LMA without a need for either muscle relaxants or potent
inhaled anesthetics.

Opioids

Opioids (historically referred to as narcotics, although semantically incorrect—see Chapter 14)
remain the analgesic workhorse in anesthesia practice. They are used routinely in the
perioperative period, in the management of acute pain, and in a variety of terminal and chronic
pain states. The availability of short-, medium-, and long-acting opioids, as well as the many
routes of administration, gives physicians considerable flexibility in the use of these agents. The
analgesic and sedating properties of opium have been known for over two millennia. Certainly the
Greeks and Chinese civilizations harnessed these properties in medical and cultural practices.
Opium is derived from the seeds of the poppy (Papaver somniferum), and is an amalgam of over
25 pharmacologic alkaloids. The first alkaloid isolated, morphine, was extracted by Prussian
chemist Freidrich A.W. Serturner in 1803. He named this alkaloid after the Greek god of dreams,
Morpheus. Morphine became commonly used as a supplement to inhaled anesthesia and for
postoperative pain control during the latter half of the nineteenth century. Codeine, another
alkaloid of opium, was isolated in 1832 by Robiquet but its relatively weaker analgesic potency
and nausea at higher doses limits its role in managing moderate to severe perioperative surgical
pain.

Meperidine was the first synthetic opioid and was developed in 1939 by two German researchers at
IG Farben, Otto Eisleb and O. Schaumann. Although many pharmacologists are remembered for
the introduction of a single drug, one prolific researcher, Paul Janssen, has since 1953 brought
forward more than 70 agents from among 70,000 chemicals created in his laboratory. His products
have had profound effects on disciplines as disparate as parasitology and psychiatry. The pace of
productive innovation in Janssen's research laboratory is astonishing. Chemical R4263 (fentanyl),
synthesized in 1960, was followed only a year later by R4749 (droperidol), and then etomidate in
1964. Innovar, the fixed combination of fentanyl and droperidol, is less popular now but Janssen's
phenylpeperidine derivatives, fentanyl, sufentanil and alfentanil, are staples in the anesthesia
pharmacopoeia. Remifentanil, an ultra short-acting opioid introduced by Glaxo-Wellcome in 1996,
is a departure from other opioids in that it has very rapid onset and equally rapid offset due to
metabolism by nonspecific tissue esterases. Ketorolac, a nonsteroidal antiinflammatory drug
(NSAID) approved for use in 1990, was the first parenteral NSAID indicated for postoperative
pain. With a 6- to 8-mg morphine equivalent analgesic potency, Ketorolac provides significant
postoperative pain control, and has particular use as a sole intravenous agent in minor
procedures, or for pain attenuation when an opioid-sparing approach is essential. Ketorolac use is
limited by side effects and may be inappropriate in patients with underlying renal dysfunction,
bleeding problems, or compromised bone healing.

Antiemetics

Effective treatment for postoperative nausea and vomiting (PONV) evolved relatively recently and
has been driven by incentives to limit hospitalization expenses and improve patient satisfaction.
But PONV is an old problem for which late-nineteenth-century practitioners recognized many
causes including anxiety, severe pain, sudden changes in blood pressure, ileus, ingestion of blood,
and the residual effects of opioids and inhalational anesthetics. Risk of pulmonary aspiration of
gastric contents and subsequent death from asphyxia or aspiration pneumonia was a feared



consequence of anesthetics, especially those preceding use of cuffed endotracheal tubes. Vomiting
and aspiration during anesthesia led to the practice of maintaining an empty stomach
preoperatively, a policy that continues today despite evidence that clear fluids up to 3 hours
before surgery do not increase gastric volumes, change gastric pH, or increase the risk of
aspiration.

A variety of treatments for nausea and vomiting were proposed by early anesthetists. James
Gwathemy's 1914 publication, Anesthesia, commented that British surgeons customarily gave
tincture of iodine in a teaspoonful of water every half hour for three or four doses. Inhalation of
vinegar fumes, and rectal injection of 30 to 40 drops of tincture of opium with 60 grains of sodium
bromide were also felt to quiet the vomiting center.®® Other practitioners attempted olfactory
control by placing a piece of gauze moistened with essence of orange or an aromatic oil on the
upper lip of the patient.®® A 1937 anesthesia textbook encouraged treatment of PONV with lateral
positioning, “iced soda water, strong black coffee, and chloretone.”®” Counterirritation, such as
mustard leaf on the epigastrium, was also believed useful in limiting emesis.®® As late as 1951,
anesthesia texts recommended oxygen administration, whiffs of ammonia spirits, and control of
blood pressure and positioning.®® The complex central mechanisms of nausea and vomiting were
largely unaffected by most of these treatments. Newer drugs capable of intervening at specific
pathways were needed to have an impact on PONV. As more short-acting anesthetics were
developed, the problem received sharper focus in awake postoperative patients in the recovery
room. The nausea attending use of newer chemotherapy agents provided additional impetus to the
development of antiemetic medications.

In 1955, a nonrandomized study using the antihistamine cyclizine showed a reduction in PONV
from 27% to 21% in a group of 3,000 patients. The following year, a more rigorous study by
Knapp and Beecher reported a significant benefit from prophylaxis with the neuroleptic
chlorpromazine. In 1957, promethazine (Phenergan) and chlorpromazine were both found to
reduce PONV when used prophylactically. Thirteen years later, a double-blind study evaluating
metoclopramide was published and it became a first-line drug in the management of PONV.
Droperidol, released in the early 1960s, became widely used until 2001 when concerns regarding
prolongation of QT intervals prompted a warning from the Food and Drug Administration about its
continued use.

The antiemetic effects of corticosteroids were first recognized by oncologists treating intracranial
edema from tumors.'%? Subsequent studies have borne out the antiemetic properties of this class
of drugs in treating PONV. Recognition of the serotonin 5-HT3 pathway in PONV has led to a
unique class of drugs devoted only to addressing this particular problem. Ondansetron, the first
representative of

this drug class, was FDA approved in 1991. Additional serotonin 5-HT3 antagonists have been
approved and are available today.

Muscle Relaxants

Muscle relaxants entered anesthesia practice nearly a century after inhalational anesthetics. (See
Table 1-1.) Curare, the first known neuromuscular blocking agent, was originally used in hunting
and tribal warfare by native peoples of South America. The curares are alkaloids prepared from
plants native to equatorial rain forests. The refinement of the harmless sap of several species of
vines into toxins that were lethal only when injected was an extraordinary triumph introduced by
paleopharmacologists in loincloths. Their discovery was the more remarkable because it was
independently repeated on three separate continents—South America, Africa, and Asia. These
jungle tribes also developed nearly identical methods of delivering the toxin by darts, which, after
being dipped in curare, maintained their potency indefinitely until they were propelled through
blowpipes to strike the flesh of monkeys and other animals of the treetops. Moreover, the
American Indians knew of the juice of an herb that would counteract the effects of the poison if
administered in time.0!
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Year

1516

1596

1745

1780

1811

1812

1844

1858

1864

1886—
1897

1900

1906

TABLE 1-1 Events in the Development of Muscle Relaxants

Event

Peter Martyr d'Anghera, De orbe novo, published account of South American
Indian arrow poisons

Sir Walter Raleigh provides detailed account of arrow poison effects and
antidote

Charles-Marie de la Condamine returns from Ecuador and conducts curare
experiments with chickens and attempted to use sugar as an antidote

Abbe Felix Fontana inserts curare directly into exposed sciatic nerve of rabbit
without effect, concludes that mechanism is the destruction of the irritability
of voluntary muscles. Publishes On the American Poison Ticunas (name of
South American tribe)

Benjamin Collins Brodie demonstrates that animals mechanically ventilated
may survive significant doses of curare

William Sewell suggests use of curare in “hydrophobia” (rabies) and tetanus

Claude Bernard determines that death occurs by respiratory failure, motor
nerves are unable to transmit stimuli from higher centers, differential effect
on muscles with peripheral and thoracic muscles being affected before
respiratory muscles. Bernard concludes that the site of action is the junction
between muscles and nerves, neuromuscular junction

Louis Albert Sayres, New York physician, uses curare to treat tetanus in two
patients

Physostigmine isolated from Calabar beans by Sir T.R. Fraser, a Scottish
pharmacologist

R. Boehm, a German chemist, demonstrated three separate classes of
alkaloids in each of three types of indigenous containers: tube-curares, pot-
curares, and calabash-curares

Jacob Pal recognizes that physostigmine can antagonize the effects of curare

Succinylcholine prepared by Reid Hunt and R. Taveau, experimented on
rabbits pretreated with curare to learn of cardiac effects and so paralysis
went unrecognized




1912 Arthur Lawen uses curare in surgery but report published in German and goes
largely unrecognized

1938 Richard and Ruth Gill bring large quantity of curare to New York for further
study by pharmaceutical company

1939 Abram E. Bennett uses curare in children with spastic disorders and to
prevent trauma from metrazol therapy (precursor to ECT)

1942 Harold Griffith and Enid Johnson use curare for abdominal relaxation in
surgery
1942 H. A. Halody develops Rabbit drop head Assay for standardization and large-

scale production of curare and d-tubocurarine

1948 Decamethonium, a depolarizing relaxant, is synthesized

1949 Succinylcholine prepared by Daniel Bovet, the following year by J.C. Castillo
and Edwin de Beer

1956 Distinction between depolarizing and nondepolarizing neuromuscular blockade
is made by William D. M. Paton

1964 Pancuronium released for use in humans, synthesized by Savage and Hewett

1979 Vecuronium introduced, specifically designed to be more hepatically
metabolized than pancuronium

1993 Mivacurium released for clinical use

1994 Rocuronium introduced to clinical practice

Accounts from sixteenth-century explorers of South America include reports of the poison-arrow
darts used by the natives. In 1564, Sir Walter Raleigh described the effects of curare upon their
targets, as well as the use of an antidote. Later, explorers brought home samples of the poison-
tipped darts to Europe and Great Britain where scientific studies were undertaken. Early
experiments on birds, cats, rabbits, and dogs in the 1780s verified that the poison worked by
abolishing muscle function, including respiratory muscles, and that direct insertion into nerves had
no effect. In 1811, Benjamin C. Brodie demonstrated that large animals such as horses and
donkeys treated with curare could be kept alive if ventilated for several hours through a bellows
sewn directly to the trachea.%?!

The earliest clinical use of curare in humans was to ameliorate the tortuous muscle spasms of
infectious tetanus. In 1858, New York physician Louis Albert Sayres reported two cases in which
he attempted to treat severe tetanus with curare at the Bellevue Hospital. Both of his patients



died. Similar efforts were undertaken to use muscle relaxants to treat epilepsy, rabies, and
choreaform disorders. Treatment of Parkinson-like rigidity and the prevention of trauma from
seizure therapy also preceded the use of curare in anesthesia.%?

Interestingly, curare antagonists were developed well before muscle relaxants were ever used in
surgery. In 1900, Jacob Pal, a Viennese physician, recognized that curare could be antagonized by
physostigmine. This substance had been isolated from the calabar bean some 36 years earlier by
Scottish pharmacologist Sir T.R. Fraser. Neostigmine methylsulphate was synthesized in 1931 and
was significantly more potent in antagonizing the effects of curare.°3
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In 1938, Richard and Ruth Gill returned to New York from South America, bringing with them 11.9
kg of crude curare collected near their Ecuadorian ranch. Their motivation was a mixture of
personal and altruistic goals. Some months before, while on an earlier visit to the United States,
Richard Gill learned that he had multiple sclerosis. His physician, Dr. Walter Freeman, mentioned
the possibility that curare might have a therapeutic role in the management of spastic disorders.
When the Gills returned to the United States with their supply of crude curare, they encouraged
scientists at E. R. Squibb & Co. Squibb to take an interest in its unique properties. Squibb soon
offered semirefined curare to two groups of American anesthesiologists, who assessed its action
but quickly abandoned their studies when it caused total respiratory paralysis in two patients and
the death of laboratory animals.

The earliest effective clinical application of curare in medicine occurred in physiatry. After A. R.
Mclintyre refined a portion of the raw curare in 1939, Abram. E. Bennett of Omaha, Nebraska,
injected it into children with spastic disorders. While no persistent benefit could be observed in
these patients, he next administered it to patients about to receive metrazol, a precursor to
electroconvulsive therapy. Because it eliminated seizure-induced fractures, they termed it a
“shock absorber.” By 1941, other psychiatrists followed this practice and, when they found that
the action of curare was protracted, occasionally used neostigmine as an antidote.

Curare was used initially in surgery by Arthur Lawen in 1912, but the published report was written
in German and was ignored for decades. Lawen, a physiologist and physician from Leipzig, used
curare in his laboratory before boldly producing abdominal relaxation at a light level of anesthesia
in a surgical patient. Lawen's efforts were not appreciated for decades, and while his pioneering
work anticipated later clinical application, safe use would have to await the introduction of regular
intubation of the trachea and controlled ventilation of the lungs.%4

Thirty years after Lawen, Harold Griffith, the chief anesthetist of the Montreal Homeopathic
Hospital, learned of A. E. Bennett's successful use of curare and resolved to apply it in anesthesia.
As Griffith was already a master of tracheal intubation, he was much better prepared than were
most of his contemporaries to attend to potential complications. On January 23, 1942, Griffith and
his resident, Enid Johnson, anesthetized and intubated the trachea of a young man before
injecting curare early in the course of his appendectomy. Satisfactory abdominal relaxation was
obtained and the surgery proceeded without incident. Griffith and Johnson's report of the
successful use of curare in the 25 patients of their series launched a revolution in anesthetic
care.05

Anesthesiologists who practiced before muscle relaxants recall the anxiety they felt when a
premature attempt to intubate the trachea under cyclopropane caused persisting laryngospasm.
Before 1942, abdominal relaxation was possible only if the patient tolerated high concentrations of
an inhaled anesthetic, which might bring profound respiratory depression and protracted recovery.
Curare and the drugs that followed transformed anesthesia profoundly. Because intubation of the
trachea could now be taught in a deliberate manner, a neophyte could fail on a first attempt
without compromising the safety of the patient. For the first time, abdominal relaxation could be
attained when curare was supplemented by light planes of inhaled anesthetics or by a combination
of intravenous agents providing “balanced anesthesia.” New frontiers opened. Sedated and
paralyzed patients could now successfully undergo the major physiologic trespasses of
cardiopulmonary bypass, deliberate hypothermia, or long-term respiratory support after surgery.



Credit for successful and safe introduction of curare and d-tubocurarine into anesthesia must in
part be given to a Squibb researcher named H. A. Holaday. Crude, unstandardized preparations of
curare produced uncertain clinical effects and undesirable side effects related to various
impurities. Isolation of d-tubocurarine in 1935 renewed clinical interest but a method for
standardizing “Intocostrin” and its purer derivative, d-tubocurarine, had yet to be devised. In the
early 1940s, in part as a result of Griffith and Johnson's successful trials, Squibb embarked upon
wide-scale production. Holaday developed a reliable, easily reproducible method for standardizing
curare doses that became known as the Rabbit head drop assay (Fig. 1-5). The assay consisted of
aqueous curare solution injected intravenously in 0.1-mL doses every 15 seconds until the
endpoint, when the rabbit became unable to raise its head, was reached.°6

FIGURE 1-5. The rabbit head drop assay. H. A. Halloday of Squibb pharmaceutical company
developed a method for standardizing doses of curare and d-tubocurarine by injecting 0.1 mL
of aqueous curare solution every 15 seconds until the rabbit could no longer raise its head.

Successful clinical use of curare led to the introduction of other muscle relaxants. By 1948,
gallamine and decamethonium had been synthesized. Metubine, a curare “rediscovered” in the
1970s, was used clinically in the same year. Succinylcholine was prepared by the Nobel laureate
Daniel Bovet in 1949 and was in wide international use before historians noted that the drug had
been synthesized and tested long beforehand.

In 1906, Reid Hunt and R. Taveaux prepared succinylcholine among a series of choline esters,
which they had injected into rabbits to observe their cardiac effects. If their rabbits had not been
previously paralyzed with curare, the depolarizing action of succinylcholine might have been
recognized decades earlier.

The ability to monitor intraoperative neuromuscular blockade with nerve stimulators began in
1958. Working at St. Thomas' Hospital in London, T. H. Christie and H. Churchill-Davidson
developed a method for monitoring peripheral neuromuscular blockade during anesthesia. It was
not until 1970, however, that H. H. Ali and colleagues devised the technique of delivering four

as a method of

supramaximal impulses delivered at 2 Hz (0.5 seconds apart), or a “Train of Four,
quantifying the degree of residual neuromuscular blockade.°7

Research in relaxants was rekindled in 1960, when researchers became aware of the action of
maloetine, a relaxant from the Congo basin. It was remarkable in that it had a steroidal nucleus.
Investigations of maloetine led to pancuronium in 1968. In the 1970s and 1980s, research shifted
toward identification of specific receptor biochemistry and development of receptor-specific drugs.
From these isoquinolones, four related products emerged: vecuronium, pipecuronium, rocuronium,
and rapacuronium. Rapacuronium, released in the early 1990s, was withdrawn from clinical use
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after several cases of intractable bronchospasm led to brain damage or death. Four clinical
products based upon the steroid parent drug d-tubocurarine (atracurium, mivacurium, doxacurium,
and cis-atracurium) also made it to clinical use. Recognition that atracurium and cis-atracurium
undergo spontaneous degradation by Hoffmann elimination has defined a role for these muscle
relaxants in patients with liver and renal insufficiency.

BLOOD, FLUIDS, AND HEMODYNAMIC CONTROL

Paleolithic cave drawings found in France depict a bear losing blood from multiple spear wounds,
indicating that primitive man understood the simple relationship between blood and life.1°8 Over
10,000 years later, modern anesthesiologists attempt to preserve this intimate relationship by
replacing fluids and blood products when faced with intravascular volume depletion or diminished
oxygen-carrying capacity from blood loss. Interestingly, knowledge of blood and volume deficits
related to symptomatic hypovolemia and anemia was probably first understood and connected with
the ancient art of phlebotomy, or bloodletting. Since before Hippocrates in the fifth century BC,
bloodletting was practiced to restore balance to the body's four humors: blood, phlegm, black and
yellow bile. From the middle ages, Barbers performing venesection advertised their services with
the red (blood) and white (tourniquet) striped pole that patients squeezed and used to steady
their arms during the procedure. One to four pints of blood was typically drained at a time and the
procedure was stopped if the patient became faint. This amount is intriguing in that it is
consistent with current understanding of acute blood loss and the volume necessary to produce
symptoms secondary to anemic hypovolemic states. Recognition that phlebotomizing more than 3
to 4 pints of blood led to undesirable symptoms undoubtedly occurred by process of trial and
error.'%® The obvious problem with bloodletting, erroneous therapeutic assumptions aside, was
that overzealous phlebotomy could lead to hypovolemia and shock with no method available for
restoring fluids to the intravascular compartment. Unrestrained venesection killed U.S. president
George Washington when in 1799 he was drained of nine pints of blood in 24 hours following a
throat infection.

The technique that might have saved Washington from this fate, blood transfusion, was first
attempted in 1667 by physician to Louis X1V, Jean Baptiste Denis. Denis had learned of Richard
Lower's transfusion of lamb's blood into a dog the previous year. Lamb's blood was most
frequently used because the donating animal's essential qualities were thought to be transferred
to the recipient. Despite this dangerous trans-species transfusion, Denis' first patient got better.
His next two patients were not as fortunate, however, and Denis avoided further attempts. Given
the poor outcomes of these early blood transfusions, and heated religious controversy regarding
the implications of transferring animal-specific qualities across species, blood transfusion in
humans was banned for over a hundred years in both France and England beginning in 1670.°°

In 1900, Karl Landsteiner and Samuel Shattock independently helped lay the scientific basis of all
subsequent transfusions by recognizing that blood compatibility was based upon different blood
groups. Landsteiner, an Austrian physician, originally organized human blood into three groups
based upon substances present on the red blood cells. The fourth type, AB group, was identified in
1902 by two students, A. Decastrello and A. Sturli. Based upon these findings, Reuben Ottenberg
performed the first type-specific blood transfusion in 1907.

Transfusion of physiologic solutions occurred in 1831, independently performed by O'Shaughnessy
and Lewins in Great Britain. In his letter to The Lancet, Lewins described transfusing large
volumes of saline solutions into patients with cholera. He reported that he would inject into adults
from 5 to 10 pounds of saline solution and repeat as needed.!'® Despite its publication in a
prominent journal, Lewins' technique was apparently overlooked for decades and balanced
physiologic solution availability would have to await the coming of analytical chemistry.

ANESTHESIA ORGANIZATION AND EDUCATION

Anesthesiology evolved slowly as a medical specialty in the United States. While ether
remained the dominant anesthetic in America, the provision of anesthesia was often a service
relegated to medical students, junior house officers, nurses, and nonprofessionals. The



subordinate status of anesthesia was reflected in American art. Thomas Eakins' great studies, “The
Gross Clinic” of 1876 and “The Agnew Clinic” of 1889, both present the surgeon as the focus of
attention, whereas the person administering the anesthetic is seen among the supporting figures.
During the late nineteenth century, small communities were often served by a single physician,
who assigned a nurse to “drop” ether under his direction. In larger towns, doctors practiced
independently and did not welcome being placed in what they perceived to be the subordinate role
of anesthetist while their competitors enhanced their surgical reputations and collected the larger
fees. Many American surgeons recalled the simple techniques they had practiced as junior house
officers and regarded anesthesia as a technical craft that could be left to anyone. Some hospitals
preferred to pay a salary to an anesthesia nurse while gaining a profit from the fees charged for
that person’'s services. The most compelling argument to be advanced in favor of nurse anesthesia
was that of skill: a trained nurse who administered anesthetics every working day was to be
preferred to a physician who gave anesthesia infrequently.

Before the beginning of the twentieth century, Mary Botsford and Isabella Herb!!'* were among the
first Americans to become specialists in anesthesia. Both women were highly regarded as
clinicians and also were influential in the formation of specialty societies. Dr. Botsford is believed
to have been the
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first woman to establish a practice as a specialist in anesthesia. In 1897, she became the
anesthesiologist at a children's hospital in San Francisco. Following her example, several other
Californian female physicians entered the specialty. Botsford later received the first academic
appointment in anesthesia in the western United States when she became clinical professor of
anesthesia at the University of California, San Francisco. Dr. Botsford also served as the president
of the Associated Anesthetists of the United States and Canada.!1?

One of the first physicians to actually declare himself a “specialist in anesthesia” was Sydney
Ormond Goldan of New York, who published seven articles in 1900, including an early description
of the use of cocaine for spinal anesthesia. After studying Goldan's early career, Raymond Fink
recognized in him some of the qualities of many modern anesthesiologists: “He was brimful of
enthusiasm for anesthesia, an excellent communicator and a prolific writer, a gadgeteer and the
owner of several patents of anesthesia equipment.”''® At a time when many surgeons considered
that spinal anesthesia did away with their need for an anesthesiologist, Goldan was particularly
bold in his written opinions. He called for equality between surgeon and anesthesiologist and was
among the first to state that the anesthesiologist had a right to establish and collect his own fee.
Goldan regarded the anesthesiologist as being more important than the surgeon to the welfare of
the patient.

Since the training of physician anesthetists around the turn of the century lacked uniformity,
many prominent surgeons preferred nurse anesthetists and directed the training of the most able
candidates they could recruit. At the Mayo Clinic, there were no medical students or residents to
give anesthetics in the early 1890s. The Mayo brothers turned to Edith Graham to administer
anesthesia. After she married Charles Mayo, Alice Magaw became their personal anesthetist. In
turn, Magaw trained Florence Henderson and many others in the art of anesthesia.'* George W.
Crile relied on the skills of Agatha Hodgins. During World War |, Agatha Hodgins, Geraldine
Gerrard, Ann Penland, and Sophie Gran were among the more than 100 nurse anesthetists who
attended thousands of American and Allied casualties in France. On their return to the United
States, many developed schools of nurse anesthesia.*®

ORGANIZED ANESTHESIOLOGY

Physician anesthetists sought to obtain respect among their surgical colleagues by organizing
professional societies and improving the quality of training. The first American organization was
founded by nine members on October 6, 1905, and called the Long Island Society of Anesthetists
with annual dues of $1.00. In 1911, the annual assessment rose to $3.00 when the Long Island
Society became the New York Society of Anesthetists. Although the new organization still carried a
local title, it drew members from several states and had a membership of 70 physicians in



1915.116

One of the most noteworthy figures in the struggle to professionalize anesthesiology was Francis
Hoffer McMechan. McMechan had been a practicing anesthesiologist in Cincinnati until 1911, when
he suffered a severe first attack of rheumatoid arthritis, which eventually left him confined to a
wheelchair and forced his retirement from the operating room in 1915. McMechan had been in
practice only fifteen years, but he had written eighteen clinical articles in this short time. A
prolific researcher and writer, McMechan did not permit his crippling disease to sideline his career.
Instead of pursuing goals in clinical medicine, he applied his talents to establishing anesthesiology
societies.?

McMechan supported himself and his devoted wife through editing the Quarterly Anesthesia
Supplement from 1914 until August 1926. He became editor of the first journal devoted to
anesthesia, Current Researches in Anesthesia and Analgesia, the precursor of Anesthesia and
Analgesia, the oldest journal of the specialty. As well as fostering the organization of the
International Anesthesia Research Society (IARS) in 1925, McMechan and his wife, Laurette,
became overseas ambassadors of American anesthesia. Since Laurette was French, it was
understandable that McMechan combined his own ideas about anesthesiology with concepts from
abroad.''®

In 1926, McMechan held the Congress of Anesthetists in a joint conference with the Section on
Anaesthetics of the British Medical Association. Subsequently, he traveled throughout Europe,
giving lectures and networking physicians in the field. Upon his final return to America, he was
gravely ill and was confined to bed for 2 years. His hard work and constant travel paid dividends,
however: in 1929, the IARS, which McMechan founded in 1922, had members not only from North
America, but also from several European countries, Japan, India, Argentina, and Brazil.'®°

In the 1930s, McMechan expanded his mission from organizing anesthesiologists to promoting the
academic aspects of the specialty. In 1931, work began on what would become the International
College of Anesthetists. This body began to award fellowships in 1935. For the first time,
physicians were recognized as specialists in anesthesiology. The certification qualifications were
universal, and fellows were recognized as specialists in several countries. Although the criteria for
certification were not strict, the College was a success in raising the standards of anesthesia
practice in many nations.?% In 1939, McMechan finally succumbed to illness, and the anesthesia
world lost its tireless leader.

Other Americans promoted the growth of organized anesthesiology. Ralph Waters and John Lundy,
among others, participated in evolving organized anesthesia. Waters' greatest contribution to the
specialty was raising its academic standards. After completing his internship in 1913, he entered
medical practice in Sioux City, lowa, where he gradually limited his practice to anesthesia. His
personal experience and extensive reading were supplemented by the only postgraduate training
available, a 1-month course conducted in Ohio by E. I. McKesson. At that time, the custom of
becoming a self-proclaimed specialist in medicine and surgery was not uncommon. Waters, who
was frustrated by low standards and who would eventually have a great influence on establishing
both anesthesia residency training and the formal examination process, recalled that before 1920,
“The requirements for specialization in many Midwestern hospitals consisted of the possession of
sufficient audacity to attempt a procedure and persuasive power adequate to gain the consent of
the patient or his family.”12?

In an effort to improve anesthetic care, Waters regularly corresponded with Dennis Jackson and
other scientists. In 1925, he relocated to Kansas City with a goal of gaining an academic post at
the University of Kansas, but the professor of surgery failed to support his proposal. The larger
city did allow him to initiate his freestanding outpatient surgical facility, “The Downtown Surgical
Clinic,” which featured one of the first postanesthetic recovery rooms.*?2 In 1927, Erwin Schmidt,
professor of surgery at the University of Wisconsin's medical school, encouraged Dean Charles
Bardeen to recruit Waters.

In accepting the first American academic position in anesthesia, Waters described four objectives
that have been since adopted by many other academic departments. His goals were as follows:



“(1) to provide the best possible service to patients of the institution; (2) to teach what is known
of the principles of Anesthesiology to all candidates for their medical degree; (3) to help long-
term graduate students not only to gain a fundamental knowledge of the subject and to master
the art of administration, but also to learn as much as possible of the effective methods of
teaching; (4) to accompany these efforts
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with the encouragement of as much cooperative investigation as is consistent with achieving the
first objectives.”?3

Waters' personal and professional qualities impressed talented young men and women who sought
residency posts in his department. He encouraged residents to initiate research interests in which
they collaborated with two pharmacologists whom Waters had known before arriving in Wisconsin,
Arthur Loevenhart and Chauncey Leake, as well as others with whom he became associated in
Madison. Clinical concerns were also investigated. As an example, anesthesia records were coded
onto punch cards to form a database that was used to analyze departmental activities. Morbidity
and mortality meetings, now a requirement of all training programs, also originated in Madison.
Members of the department and distinguished visitors from other centers attended them. As a
consequence of their critical reviews of the conduct of anesthesia, responsibility for an operative
tragedy gradually passed from the patient to the physician. In more casual times, a practitioner
could complain, “The patient died because he did not take a good anesthetic.” Alternatively, the
death might be attributed to a mysterious force such as “status lymphaticus,” of which Arthur
Guedel, a master of sardonic humor, observed, “Certainly status lymphaticus is at times a great
help to the anesthetist. When he has a fatality under anesthesia with no other cleansing
explanation he is glad to recognize the condition as an entity.”123

In 1929, John Lundy at the Mayo Clinic organized the Anaesthetists' Travel Club, whose members
were leading American or Canadian teachers of anesthesia. Each year one member was the host
for a group of 20 to 40 anesthesiologists who gathered for a program of informal discussions.
There were demonstrations of promising innovations for the operating room and laboratory, which
were all subjected to what is remembered as a “high-spirited, energetic, critical review.”24 The
Travel Club would be critical in the upcoming battle to form the American Board of Anesthesiology.

Even during the lean years of the Depression, international guests also visited Waters'
department. For Geoffrey Kaye of Australia, Torsten Gordh of Sweden, Robert Macintosh and
Michael Nosworthy of England, and scores of others, Waters' department was their “mecca of
anesthesia.” Ralph Waters trained 60 residents during the 22 years he was the “Chief.” From 1937
onward, the alumni, who declared themselves the “Aqualumni” in his honor, returned annually for
a professional and social reunion. Thirty-four “Aqualumni” took academic positions, and, of these,
14 became chairpersons of departments of anesthesia. They maintained Waters' professional
principles and encouraged teaching careers for many of their own graduates.?® His enduring
legacy was once recognized by the dean who had recruited him in 1927, Charles Bardeen, who
observed, “Ralph Waters was the first person the University hired to put people to sleep, but,
instead, he awakened a world-wide interest in anesthesia.”127

Waters and Lundy along with Paul Wood, of New York City, had an important role in establishing
organized anesthesia, and the definition of the specialty. In the heart of the Great Depression,
these three physicians realized that anesthesiology needed to have a process to determine who
was an anesthetic specialist with American Medical Association (AMA) backing. Using the New York
Society of Anesthetists, of which Paul Wood was secretary-treasurer, a new class of members,
was created. The “Fellows” criteria followed established AMA guidelines for specialty
certification. However, the AMA wanted a national organization to sponsor a specialty board. The

“Fellows,

New York Society of Anesthetists changed its name to the American Society of Anesthetists (ASA)
in 1936. Combined with the American Society of Regional Anesthesia, whose president was Emery
Rovenstein, the American Board of Anesthesiology (ABA) was organized as a subordinate board to
the American Board of Surgery in 1938. With McMechan's death in 1939, the AMA favored
independence for the ABA, and in 1940, independence was granted.!?2.127

A few years later, the officers of the American Society of Anesthetists were challenged by Dr. M. J.



Seifert, who wrote, “An Anesthetist is a technician and an Anesthesiologist is the specific authority
on anesthesia and anesthetics. | cannot understand why you do not term yourselves the American
Society of Anesthesiologists.”!?® Ralph Waters was declared the first president of the newly named
ASA in 1945. In that year, when World War Il ended, 739 (37%) of 1,977 ASA members were in
the armed forces. In the same year, the ASA's first Distinguished Service Award (DSA) was
presented to Paul M. Wood for his tireless service to the specialty, one element of which can be
examined today in the extensive archives preserved in the Society's Wood Library Museum at ASA
headquarters, Park Ridge, Illinois.27

After World War 11, specialties within the realm of anesthesiology began to thrive. Kathleen Belton
was a superb pediatric specialist. In 1948, while working in Montreal, Belton and her colleague,
Digby Leigh, wrote the classic text Pediatric Anesthesia. At the same time, a second pediatric
anesthesiologist, Margot Deming, was the Director of Anesthesia at the Children's Hospital of
Philadelphia. Pediatric anesthesia also figured in the career of Doreen Vermeulen-Cranch, who had
earlier initiated thoracic anesthesia in The Netherlands and pioneered hypothermic anesthesia.
Obstetric anesthesia also figured prominently in the career of Virginia Apgar. After encountering
severe financial and professional frustrations during her training and while serving as Director of
the Division of Anesthesia at Columbia University, Apgar turned to obstetric anesthesia in 1949.
She dedicated the next decade of her multifaceted career to the care of mothers and their
infants.128

ANESTHESIA PRACTICE TODAY AND TOMORROW

This overview of the development of anesthesiology could be extended almost indefinitely by an
exploration of each subspecialty area, but an assessment of our current roles can be seen by a
personal survey of the areas in which anesthesiologists serve in hospitals, clinics, and
laboratories. The operating room and obstetric delivery suite remain the central interest of most
specialists. Aside from being the location where the techniques described in this chapter find
regular application, service in these areas brings us into regular contact with new advances in
pharmacology and bioengineering.

After surgery, patients are transported to the postanesthesia care unit or recovery room, an
area that is now considered the anesthesiologist's “ward.” Fifty years ago, patients were
carried directly from the operating room to a surgical ward to be attended only by a junior nurse.
That person lacked both the skills and equipment to intervene when complications occurred. After

the experiences of World War Il taught the value of centralized care, physicians and nurses
created recovery rooms, which were soon mandated for all major hospitals. By 1960 the evolution
of critical care progressed through the use of mechanical ventilators. Patients who required many
days of intensive medical and nursing management were cared for in a curtained corner of the
recovery room. In time, curtains drawn about one or two beds gave way to fixed partitions and the
relocation of those areas to form intensive care units. The principles of resuscitative and
supportive care established by anesthesiologists transformed critical care medicine.

The future of anesthesiology is a bright one. The safer drugs that once revolutionized the
care of patients undergoing surgery are constantly being improved upon. The role of
P.25
the anesthesiologist continues to broaden, as physicians with backgrounds in the specialty have
developed clinics for chronic pain control and outpatient surgery. Anesthesia practice will continue
to increase in scope, both inside and outside of the operating suite, such that anesthesiologists
will become even more of an integral part of the entire perioperative experience.

References

1. Joyce H: The Journals and Letters of Fanny Burney. Oxford, Clarendon 1975, As quoted in:
Papper EM: Romance, Poetry, and Surgical Sleep. Westport, CT, p 12. Greenwood Press, 1995

2. Epitaph to W.T.G. Morton on a memorial from the Mt. Auburn Cemetery, Cambridge,



Massachusetts.

3. These Egyptian Pictographs are dated approximately 2500 B.C. See Ellis ES: Ancient
Anodynes: Primitive Anaesthesia and Allied Conditions, p 80. London, WM Heinemann Medical
Books, 1946

4. Ellis ES: Ancient Anodynes: Primitive Anaesthesia and Allied Conditions, p 9. London, WM
Heinemann Medical Books, 1946

5. Bacon DR: Regional anesthesia and chronic pain therapy: A history. In: Brown DL
(ed): Regional Anesthesia and Analgesia, p 11. Philadelphia, WB Saunders, 1996

6. Rutkow I: Surgery, An lllustrated History, p 215. St. Louis, Mosby, 1993

7. Winter A: Mesmerized: Powers of Mind in Victorian Britain. Chicago, p 42. University of
Chicago Press, 1998

8. Marmer MJ: Hypnosis in Anesthesiology, p 10. Springfield, IL, Charles C. Thomas, 1959

9. Dioscorides: On mandragora. In: Dioscorides Opera Libra. Quoted in: Bergman N: The
Genesis of Surgical Anesthesia, p 11. Park Ridge, IL, Wood Library-Museum of Anesthesiology,
1998

10. Infusino M, Viole O'Neill Y, Calmes S: Hog beans, poppies, and mandrake leaves—A
test of the efficacy of the soporific sponge. In: The History of Anaesthesia, p 31.
London, Parthenon Publishing Group, 1989

11. Strickland RA: Ether drinking in Ireland. Mayo Clinic Proceedings, 71(10):1015, 1996

12. Davy H: Researches Chemical and Philosophical Chiefly Concerning Nitrous Oxide or
Dephlogisticated Nitrous Air, and Its Respiration, p 533. London, J Johnson, 1800

13. Papper EM: Romance, Poetry, and Surgical Sleep. Westport, CT, Greenwood Press, 1995

14. Hickman HH: A letter on suspended animation, containing experiments showing that it
may be safely employed during operations on animals, with the view of ascertaining its
probable utility in surgical operations on the human subject, addressed to T.A. Knight, Esq.
Imprint Ironbridge, W. Smith, 1824

15. Lyman HM: Artificial Anaesthesia and Anaesthetics, p 6. New York, William Hood, 1881

16. Stetson JB, William E: Clarke and the discovery of anesthesia. In: Fink BR, Morris L,
Stephen ER (eds.): The History of Anesthesia: Third International Symposium Proceedings, p
400. Park Ridge, IL, Wood Library-Museum of Anesthesiology, 1992

17. Long CW: An account of the first use of sulphuric ether by inhalation as an



anaesthetic in surgical operations. South Med Surg J 5:705, 1849

18. Robinson V: Victory Over Pain, p 91. New York, Henry Schuman, 1946

19. Raper HR: Man Against Pain, p 286. New York, Prentice-Hall, Inc., 1945

20. Smith GB, Hirsch NP: Gardner Quincy Colton: Pioneer of nitrous oxide anesthesia. Anesth
Analg 72:382, 1991

21. Menczer LF: Horace Wells's “day book A”: a transcription and analysis. Wolfe RJ, Menczer
LF (eds.): | Awaken to Glory, p 112. Boston, Boston Medical Library, 1994

22. Greene NM: A consideration of factors in the discovery of anesthesia and their effects on
its development. Anesthesiology 35:515, 1971

23. Fenster J: Ether Day. New York, Harper Collins, 2001

24. Duncum BM: The Development of Inhalation Anaesthesia, p 86. London, Oxford University
Press, 1947

25. Caton D: What a Blessing She had Chloroform, p 103. New Haven, Yale University
Press, 1999

26. Journal of Queen Victoria. In: Strauss MB (ed): Familiar Medical Quotations, p 17. Boston,
Little Brown, 1968

27. Snow J: On Chloroform and Other Anesthetics (reprinted by the Wood Library-Museum of
Anesthesiology.), p 58. London, J Churchill, 1858

28. Lucas GH: The discovery of cyclopropane. Curr Res Anesth Analg 40:15, 1961

29. Seevers MH, Meek WJ, Rovenstine EA, Stiles JA: Cyclopropane study with espical
reference to gas concentration, respiratory and electrocardiographic changes. Journal of
Pharmacology and Experimental Therapeutics 51:1, 1934

30. Calverley RK: Fluorinated anesthetics: |I. The early years. Surv Anesth 29:170, 1986

31. Robbins BH: Preliminary studies of the anesthetic activity of the fluorinated hydrocarbons.
J Pharmacol Exp Ther 86:197, 1946

32. Calverley RK: Fluorinated anesthetics: Il. Fluroxene. Surv Anesth 30:126, 1987

33. Suckling CW: Some chemical and physical factors in the development of Fluothane. Br J
Anaesth 29:466, 1957



34. Koller C: Personal reminiscences of the first use of cocaine as local anesthetic in eye
surgery. Current Researches in Anesthesia and Analgesia 7:9, 1928

35. Becker HK: Carl Koller and cocaine. Psychoanal Q 32:309, 1963

36. Halstead WS: Practical comments on the use and abuse of cocaine; suggested by its in
variably successful employment in more than a thousand minor surgical operations. NY Med J
42:294, 1885

37. Olch PD, William S: Halstead and local anesthesia: Contributions and complications.
Anesthesiology 42:479, 1975

38. Marx G: The first spinal anesthesia: Who deserves the laurels? Reg Anesth 19:429,
1994

39. Corning JL: Spinal anaesthesia and local medication of the cord. NY Med J 42:483, 1885

40. Bier AKG: Experiments in cocainization of the spinal cord, 1899. In: Faulconer A, Keys TE
(trans): Foundations of Anesthesiology, p 854. Springfield, IL, Charles C Thomas, 1965

41. Goerig M, Agarwal K, Schulte am Esch J: The versatile August Bier (1861-1949), father of
spinal anesthesia. J Clin Anesth 12:561, 2000

42. Larson MD: Tait and Caglieri. The first spinal anesthetic in America. Anesthesiology. 85
(4):913, 1996

43. Lee JA: Arthur Edward James Barker, 1850-1916: British pioneer of regional anaesthesia.
Anaesthesia 34:885, 1979

44. Lemmon WT: A method for continuous spinal anesthesia: A preliminary report. Ann Surg
111:141, 1940

45. Martini JA, Bacon DR, Vasdev GM: Edward Tuohy: The man, his needle, and its place in
obstetric anesthesia. Reg Anesth Pain Med 27:520, 2002

46. Tuohy EB: Continuous spinal anesthesia: Its usefulness and technique involved.
Anesthesiology 5:142, 1944

47. Pagés F: Metameric anesthesia, 1921. In: Faulconer A, Keys TE (trans): Foundations of
Anesthesiology, p 927. Springfield, IL, Charles C Thomas, 1965

48. Fink BR: History of local anesthesia. In: Cousins MJ, Bridenbaugh PO (eds.): Neural
Blockade, p 12. Philadelphia, JB Lippincott, 1980

49. Cushing H: On the avoidance of shock in major amputations by cocainization of large
nerve trunks preliminary to their division: With observations on blood-pressure changes in



surgical cases. Ann Surg 36:321, 1902

50. Crile GW, Lower WE: Anoci-Association. Philadelphia, W.B. Saunders Company, 1915

51. Brown DL, Winnie AP: Biography of Louis Gaston Labat, M.D. Regional Anesthesia 17
(5):248, 1992

52. Bacon DR, Darwish H: Emery Rovenstine and regional anesthesia. Reg Anesth 22:273,
1997

53. Calverley RK: An early ether vaporizer designed by John Snow, a Treasure of the Wood
Library-Museum of Anesthesiology. In: Fink BR, Morris LE, Stephen CR (eds): The History of
Anesthesia, p 91. Park Ridge, IL, Wood Library-Museum of Anesthesiology, 1992

54. Snow J: On the Inhalation of the Vapour of Ether (reprinted by the Wood Library-Museum
of Anesthesiology), p 23. London, J Churchill, 1847

55. Calverley RK, J. T. Clover: A giant of Victorian anaesthesia. In: Rupreht J, van Lieburg MJ,
Lee JA, Erdmann W (eds.): Anaesthesia: Essays on Its History, p 21. Berlin, Springer-Verlag,
1985

56. Andrews E: The oxygen mixture, a new anaesthetic combination. Chicago Medical
Examiner 9:656, 1868

57. Waters RM: Clinical scope and utility of carbon dioxide filtration in inhalation anesthesia.
Curr Res Anesth Analg 3:20, 1923

58. Sword BC: The closed circle method of administration of gas anesthesia. Curr Res Anesth
Analg 9:198, 1930

59. Sands RP, Bacon DR: An inventive mind: The career of James O. Elam, M.D. (1918-1995).
Anesthesiology 88:1107, 1998

60. Obituary of T. Philip Ayre. Br Med J 280:125, 1980

61. Rees GJ: Anaesthesia in the newborn. Br Med J 2:1419, 1950

62. Bain JA, Spoerel WE: A stream-lined anaesthetic system. Can Anaesth Soc J 19:426, 1972

63. Morris LE: A new vaporizer for liquid anesthetic agents. Anesthesiology 13:587, 1952

64. Sands R, Bacon DR: The copper kettle: A historical perspective. J Clin Anesth 8:528, 1996

65. Shephard DAE: Harvey Cushing and anaesthesia. Can Anaesth Soc J 12:431, 1965



66. Mushin WW, Rendell-Baker L: Thoracic Anaesthesia Past and Present (reprinted by the
Wood Library Museum of Anesthesiology 1991), p 44. Springfield, IL, Charles C Thomas, 1953

67. Tovell RM: Problems in supply of anesthetic gases in the European theater of operations.
Anesthesiology 8:303, 1947

68. Rendell-Baker L: History of standards for anesthesia equipment. In: Rupreht J, van
Lieburg MJ, Lee JA, Erdmann W (eds.): Anaesthesia: Essays on Its History, p 161. Berlin,
Springer-Verlag, 1985

69. Calverley RK: A safety feature for anaesthesia machines: Touch identification of oxygen
flow control. Can Anaesth Soc J 18:225, 1971

70. Clover JT: Laryngotomy in chloroform anesthesia. Br Med J 1:132, 1877

71. Macewan W: Clinical observations on the introduction of tracheal tubes by the mouth
instead of performing tracheotomy or laryngotomy. Br Med J 2:122, 163, 1880

72. Kuhn F: Nasotracheal intubation (trans). In: Faulconer A, Keys TE (eds.): Foundations of
Anesthesiology, p 677. Springfield, IL, Charles C Thomas, 1965

73. Hirsch NP, Smith GB, Hirsch PO: Alfred Kirstein, pioneer of direct laryngoscopy.
Anaesthesia 41:42, 1986

74. Burkle CM, Zepeda FA, Bacon DR, Rose SH: A historical perspective on use of the
laryngoscope as a tool in anesthesiology. Anesthesiology. 100(4):1003, 2004

75. Miller RA: A new laryngoscope. Anesthesiology 2:317, 1941

76. Macintosh RR: Richard Salt of Oxford, anaesthetic technician extraordinary. Anaesthesia
31:855, 1976

77. Thomas KB: Sir Ivan Whiteside Magill, KCVO, DSc, MB, BCh, BAO, FRCS, FFARCS (Hon),
FFARCSI (Hon), DA: A review of his publications and other references to his life and work.
Anaesthesia 33:628, 1978

78. Condon HA, Gilchrist E: Stanley Rowbotham: twentieth century pioneer anaesthetist.
Anaesthesia 41:46, 1986

79. Calverley RK: Arthur E Guedel (1883-1956). In: Rupreht J, van Lieburg MJ, Lee JA,
Erdmann W (eds.): Anaesthesia: Essays on Its History, p 49. Berlin, Springer-Verlag, 1985

80. Calverley RK: Classical file. Surv Anesth 28:70, 1984

81. Gale JW, Waters RM: Closed endobronchial anesthesia in thoracic surgery: Preliminary

P.26



report. Curr Res Anesth Analg 11:283, 1932

82. Wu TL, Chou HC: A new laryngoscope: the combination intubating device (letter).
Anesthesiology 81:1085, 1994

83. Brain AlJ: The laryngeal mask: A new concept in airway management. Br J Anaesth
55:801, 1983

84. Duncum BM: The Development of Inhalation Anaesthesia, p 538. London, Oxford
University Press, 1947

85. Cushing H: On the avoidance of shock in major amputations by cocainization of large
nerve trunks preliminary to their division: With observations on blood-pressure changes in
surgical cases. Ann Surg 36:321, 1902

86. Codesmith A: An endo-esophageal stethoscope. Anesthesiology 15:566, 1954

87. Severinghaus JC, Honda Y: Pulse oximetry. Int Anesthesiol Clin 25:205, 1987

88. Luft K. Methode der registrieren gas analyse mit hilfe der absorption ultraroten Strahlen
ohne spectrale Zerlegung. Z Tech Phys 1943;24:97.

89. Wren PC: Philosophical Transactions, Vol I. London, Anno, 1665 and 1666

90. Keys TE: The History of Surgical Anesthesia, p 38. New York, Dover Publications, 1945

91. Dundee J, Wyant G: Intravenous Anesthesia, p 1. Hong Kong, Churchill Livingstone, 1974

92. Oré PC: Etudes, cliniques sur I'anesthésie chirurgicale par la methode des injection de
choral dans les veines. Paris,: JB Balliere et Fils 1875, As quoted in: Hemelrijck JV, Kissin I:
History of Intravenous Anesthesia. In: PF White (ed): Textbook of Intravenous Anesthesia, p
3. Baltimore, Williams & Wilkins, 1997

93. Macintosh RR: Modern anaesthesia, with special reference to the chair of anaesthetics in
Oxford. In, Rupreht J, van Lieburg MJ, Lee JA, Erdmann W (eds.): Anaesthesia: Essays on Its
History, p 352. Berlin, Springer-Verlag, 1985

94. Hemelrijck JV, Kissin |I: History of Intravenous Anesthesia. In: White PF (ed): Textbook of
Intravenous Anesthesia, p 3. Baltimore, Williams & Wilkins, 1997

95. Gwathmey JT: Anesthesia, p 379. New York, D. Appleton and Company, 1914

96. Flagg PJ: The Art of Anaesthesia, p 80. Philadelphia, JB Lippincott Company, 1918

97. Chloretone (chlorobutanol) is prepared by mixing chloroform and acetone, and has a
camphor-like odor that some find pleasant. Chloretone is now commonly used for euthanizing



reptiles and amphibians

98. Hewer CL: Recent Advances in Anaesthesia and Analgesia, p 237. Philadelphia: P
Blakiston's Son & Co. Inc., 1937

99. Collins VJ: Principles and Practice of Anesthesiology, p 327. Philadelphia, Lea & Febiger,
1952

100. Raeder J: History of Postoperative Nausea and Vomiting. Int Anesthesiol Clin 41(4):1,
2003

101. Mclntyre AR: Curare, Its History, Nature, and Clinical Use, p 6, 131. Chicago, University
of Chicago Press, 1947

102. Thomas BK: Curare: Its History and Usage, p 90. Philadelphia, JB Lippincott Company,
1963

103. Rushman GB, Davies NJH, Atkinson RS: A Short History of Anaesthesia, p 78. Oxford,
Butterworth-Heinemann, 1996

104. Knoefel PK: Felice Fontana: Life and Works, p 284. Trento, Societa de Studi Trentini,
1985

105. Griffith HR, Johnson GE: The use of curare in general anesthesia. Anesthesiology 3:418,
1942

106. MclIntyre AR: Historical background, early use and development of muscle relaxants.
Anesthesiology 20: 412, 1959

107. Ali HH, Utting JE, Gray C: Quantitative assessment of residual antidepolarizing block
(part 11). Br J Anaesth 43:478, 1971

108. Gottlieb AM: A Pictorial History of Blood Practices and Transfusion, p 2. Scottsdale, AZ,
Arcane Publications, 1992

109. For further details regarding bloodletting, see CK Wilbur: Antique Medical Instruments,
1987, or G. Pendergraph: Handbook of Phlebotomy. Philadelphia Lea and Febiger, 1984

110. Jenkins MT: Epochs in intravenous fluid therapy: from the goose quill and pig bladder to
balanced salt solutions, p 4. The Lewis H. Wright Memorial Lecture, Wood Library-Museum
Collection, Park Ridge, IL, 1993

111. Strickland RA: Isabella Coler Herb, MD: an early leader in anesthesiology. Anesth Analg.
80(3):600, 1995

112. Calmes SH: Anesthesiology in California: the early years. Bulletin of the History of



Anesthesiology 17(1):8, 1999

113. Fink BR: Leaves and needles: the introduction of surgical local anesthesia.
Anesthesiology 63:77, 1985

114. Harris NA, Hunziker-Dean J: Florence Henderson. Nursing History Review 9:159, 2001

115. Bankert M: Watchful Care: A History of America's Nurse Anesthetists. New York,
Continuum, 1989

116. Betcher AM, Ciliberti BJ, Wood PM, Wright LH: The jubilee year of organized anesthesia.
Anesthesiology 17:226, 1956

117. Bacon DR: The promise of one great anesthesia society. Anesthesiology 80:929, 1994

118. Seldon TH: Francis Hoeffer McMechan. In: Volpitto PP, Vandam LD (eds): Genesis of
American Anesthesiology, p 5. Springfield, IL, Charles C Thomas, 1982

119. Bacon DR: The world federation of societies of anesthesiologists: McMechan's final
legacy? Anesth Analg 84:1131, 1997

120. Bacon DR, Lema MJ: To define a specialty: A brief history of the American Board of
Anesthesiology's first written examination. J Clin Anesth 1992;4:489

121. Waters RM: Pioneering in anesthesiology. Postgrad Med 4:265, 1948

122. Waters RM: The down-town anesthesia clinic. Am J Surg 33:71, 1919

123. Guedel AE: Inhalation Anesthesia: A Fundamental Guide, p 129. New York: MacMillan,
1937

124. MacKenzie RA, Bacon DR, Martin DP: Anaesthetists' Travel Club: a transformation of the
society of clinical surgery? Bull Anesth Hist Jul;22(3):7, 2004

125. Bacon DR, Ament R: Ralph Waters and the beginnings of academic anesthesiology in the
United States: the Wisconsin template. J Clin Anesth 7:534, 1995

126. Little DM Jr, Betcher AM: The Diamond Jubilee 1905-1980, p 8. Park Ridge, IL, American
Society of Anesthesiologists, 1980

127. Bamforth BJ, Siebecker KL: Ralph M. Waters. In: Volpitto PP, Vandam LD (eds): Genesis
of American Anesthesiology,. Springfield, IL: Charles C Thomas, 1982

128. Calmes SH: Development of the Apgar Score. In: Rupreht J, van Leigurgh MJ, Lee JA,
Erdman W (eds.): Anaesthesia: Essays on Its History, p 45. Berlin, Springer-Verlag, 1985



Editors: Barash, Paul G.; Cullen, Bruce F.; Stoelting, Robert K.
Title: Clinical Anesthesia, 5th Edition

Copyright ©2006 Lippincott Williams & Wilkins

> Table of Contents > Section I - Introduction to Anesthesia Practice > Chapter 2 - Practice and Operating

Room Management

Chapter 2
Practice and Operating Room Management

Richard L. Lock
John H. Eichhorn

KEY POINTS

o Anesthesiology residents, and many postgraduates also, tend to lack sufficient
knowledge (with sometimes unfortunate results) about practice structures,
financial matters of all types, and contracting in particular. They must educate
themselves and also seek expert advice and counsel to survive (and hopefully
flourish) in today's exceedingly complex medical practice milieu.

o There are several very helpful detailed information resources on practice and OR
management available from the American Society of Anesthesiologists (ASA)
and other sources.

o Securing hospital privileges is far more than a bureaucratic annoyance and must
be taken seriously by anesthesiologists.

o Anesthesiologists need to be involved, concerned, active participants and
leaders in their institution and community to enhance their practice function and
image.

o Anesthesiology is the leading medical specialty in establishing and promulgating
standards of practice, which have significantly positively influenced practice.

o The immediate response to a major adverse anesthesia event is critical to the
eventual result and an extremely valuable protocol is available at

www.apsf.org , "Resources: Clinical Safety.”

o Managed care's influence waxes, wanes, and changes but it must always be
considered by modern anesthesiologists. While cost, value, outcome, and quality
issues are certainly central to all anesthesiology practices, difficulties in
constructing and applying definitive measurements and rigorous statistical
analysis of these parameters have prevented, so far at least, some of the
potential negative influences of the core features of fully managed health care
on anesthesiology practice in most circumstances.
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Anesthesiologists must participate in operating room (OR) management in their
facilities and should play a central leadership role. Operating room scheduling,
staffing, utilization, and patient flow issues are complex and anesthesiologists

should work hard to both thoroughly understand and positively influence them.

Anesthesiology personnel issues involve an elaborate balancing act and
groups/departments should give these issues, as well as their constituent
personnel, more attention and energy than has been traditional in the past or
the anesthesia provider shortage will likely continue to worsen.

Attention to the many often-underemphasized details of infrastructure,
organization, and administration can transform a merely endurable anesthesia
practice into one that is efficient, effective, productive, collegial, and even fun.

This chapter, which draws significantly from its predecessor! and also incorporates concepts

from a related chapter? in the previous edition, presents a wide variety of topics that, until
very recently, were not in anesthesiology textbooks. Several basic components of the
administrative, organizational (including daily functioning of the OR), and financial aspects of
anesthesiology practice are outlined. Included is mention of some of the issues associated with
practice arrangements in the modern environment heavily influenced by various types of managed
care and its permutations and combinations. Although certain of these issues are undergoing
almost constant change, it is important to understand the basic vocabulary and principles in this

Ongoing evolution of medical practice in the United States has accelerated to such a pace that
considerations of organization, administration, and management require constant updating.

Functions and details across the whole spectrum of the health care “system” or “enterprise,” from
the briefest and simplest primary care encounter of a single patient, through the administration

and management of an anesthesiology practice group and its environment, all the way up to
national policies for financing the care of the entire population, demand more attention and effort
than ever before.

In the past, anesthesiologists traditionally were little involved in the management of many
components of their practice beyond the strictly medical elements of applied physiology and
pharmacology, pathophysiology, and therapeutics. This was, perhaps, somewhat understandable
because anesthesiologists traditionally spent the vast majority of their usually very long work
hours in a hospital OR. Business matters were often left to the one or two group members
interested or willing to deal with an outside contractor billing agency. Often there were few if any
support personnel (sometimes no office base at all other than a corner desk in the ‘doctors'
lounge). In many circumstances, there was little or no time to even consider or attempt
management functions. Reluctant compliance with critical mandatory processes such as
credentialing was secured only by the insistence of a hospital staff administrator. In that era, very
little formal teaching of or training in practice management of any kind occurred in anesthesiology
residency programs. Word-of-mouth handing down of what was mostly folklore was often all an
anesthesiology resident had to go on after completing training and beginning practice.
Interestingly in this regard, the Anesthesiology Residency Review Committee of the Accreditation
Council on Graduate Medical Education now requires that the didactic curricula of anesthesiology
residencies include material on practice management. Today, most residency programs offer at
least a cursory introduction to issues of practice management, but these can be insufficient to
prepare satisfactorily the resident being graduated for the real infrastructure, administrative,
business, and management challenges of the modern practice of anesthesiology.
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dynamic universe. Lack of understanding of these issues may put anesthesiologists at a
disadvantage when attempting to maximize the efficiency and impact of their daily activities, to
create and execute practice arrangements, and to secure fair compensation in an increasingly
complex health care system with greater and greater competition for scarcer and scarcer
resources.

ADMINISTRATIVE COMPONENTS OF ANESTHESIOLOGY
PRACTICE

Operational and Information Resources

While it may be relatively rare, there are still situations in which a brand-new anesthesiology
practice is created and there is no previously existing infrastructure, protocol, organization,
habits, or tradition to draw on for guidance. Likewise, mergers and spin-offs of anesthesiology
practices occur, just as in the business world. How can anesthesiologists and the
administrative/support personnel they hire learn from the collective experience of the profession
and thus avoid having to “reinvent the wheel” in facilitating their practice? Similarly, practicing
anesthesiologists frequently recognize the need to examine and, it is hoped, improve the function
of their practices through comparable efforts.

0 Overview summaries such as this chapter are intended as an introduction. Further,

fortunately, the American Society of Anesthesiologists (ASA), the professional association for
physician anesthesiologists in the United States, for many years has made available to its
members extensive resource material regarding practice in general and specific arrangements for
its execution. Citation and availability of this material can be found on the ASA website,
http://www.asahqg.org. Elements are updated periodically by the ASA through its physician
officers, committees, task forces, administrative and support staff, and various offices. Although
many of the documents generated and even the advice given in response to members' questions
contain broad-brush generalities that must be interpreted in each individual practice situation,
these nonetheless stand as a solid foundation on which anesthesiology practice can be formulated.
In the past, many ASA members were unaware of the existence of these resources and discovered
them only when referred to them during an appeal to the ASA for help resolving some significant
practice or financial problem. Prospective familiarity with the principles outlined in the ASA
material likely could help avoid some of the problems leading to calls for help. Selected key
documents are compiled and bound into a volume that can be purchased.® Each spring, the ASA
offers a Practice Management Conference, following which the lecture materials are published in
an annual volume (see http://www.asahg.org, “Publications and Services,” “"Publications on
Practice Management”).

Background

The current atmosphere in American medicine, which creates the impression that “all of a sudden,
all the rules and understandings are changing,” makes it virtually mandatory that
anesthesiologists be familiar with the fundamental background of their profession. The ASA
“Guidelines for the Ethical Practice of Anesthesiology”? includes sections on the principles of
medical ethics; the definition of medical direction of nonphysician personnel (including the specific
statement that an anesthesiologist engaged in medical direction should not personally be
administering another anesthetic); the anesthesiologist's relationship to patients and other
physicians; the anesthesiologist's duties, responsibilities, and relationship to the hospital; and the
anesthesiologist's relationship to nurse anesthetists and other nonphysician personnel. Further,
the ASA publishes “The Organization of an Anesthesia Department”3 and states through it that the
ASA “has adopted a Statement of Policy, which contains principles that the Society urges its
members to consider in structuring their own individual medical practices.” This document has
sections on physician responsibilities for medical care and on medical-administrative organization
and responsibilities. The ASA has been particularly proactive in helping its members keep up with
rapidly changing areas of both managed care and government programs with all the myriad
financial implications of the evolving rules and requirements. In the past, some (probably many)



anesthesiology residents finishing training felt unprepared, in a business and organizational sense,
to enter the job and practice markets. They had to learn complex difficult lessons through a self-
taught crash course during negotiations for a position, sometimes to their detriment. Beyond
summaries such as this chapter, reference to the considerable body of material created and
presented by the ASA (which includes a thick volume specifically on the details of business
arrangements*) is an excellent starting point to help young anesthesiologists during residency
prepare for the increasing rigors of starting and managing a career in practice. Likewise, there is
a great deal of information on the ASA website concerning the most recent governmental
regulations, rulings, and billing codes. The ASA Newsletter distributed to all members now
contains the monthly columns “"Washington Report” and
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“Practice Management,” which disseminate related current developments.

Of course, the Internet is a very important source of information. In addition to the ASA, most
other anesthesiology subspecialty societies and interest groups have Web locations, as do most
journals. Certain anesthesiology and other journals that exist only on the Internet are now in
existence, and more will likely be developed. Particularly, the website of the Anesthesia Patient
Safety Foundation, http://www.apsf.org, has been cited as especially useful in promoting safe
clinical practice. Electronic bulletin boards allow anesthesiology practitioners from around the
world to immediately exchange ideas on diverse topics, both medical and administrative.
Traditionally, the ASA has not maintained one. However, one of the original sites that remains
very popular is http://www.gasnet.org and a web search (“anesthesiology + bulletin board”) using
a search engine such as http://www.google.com reveals a great number of sites that contain a
variety of discussions about all manner of anesthesiology-related topics, including practice
organization, administration, and management. Additionally, references to the entirety of the
medical literature are readily accessible to any practitioner (such as by starting with
http://www.nlm.nih.gov to access Medline). A modern anesthesiology practice cannot reasonably
exist without readily available high-speed Internet connections.

The Credentialing Process and Clinical Privileges

o The system of credentialing a health care professional and granting clinical privileges in a

health care facility is motivated by a fundamental assumption that appropriate education,
training, and experience, along with the absence of excessive numbers of bad patient outcomes,
increase the chances that the individual will deliver acceptable-quality care. As a result, the
systems have received considerably increased emphasis in recent years.®> The process of
credentialing health care professionals has been the focus of considerable public attention
(particularly in the mass media), in part the result of very rare incidents of untrained persons
(impostors) infiltrating the health care system and sometimes harming patients. The more
common situation, however, involves health professionals who exaggerate past experience and
credentials or fail to disclose adverse past experiences. There has been some justified publicity
concerning physicians who lost their licenses sequentially in several states and simply moved on
each time to start practice elsewhere (which should be much, much more difficult now).

The patient-physician relationship also has changed radically, with a concomitant increase in
suspicion directed toward the medical profession. There is now a pervasive public perception that
physicians are inadequately policed, particularly by their own professional organizations and
hospitals. Intense public and political pressure has been brought to bear on various law-making
bodies, regulatory and licensing agencies, and health care institution administrations to discover
and purge both (1) fraudulent, criminal, and deviant health care providers, and (2) incompetent or
simply poor-quality practitioners whose histories show sufficient poor patient outcomes to attract
attention, usually through malpractice suits. Identifying and avoiding or correcting an incompetent
practitioner is the goal. Verification of appropriate education, training, and experience on the part
of a candidate for a position rendering anesthesia care assumes special importance in light of the
legal doctrine of vicarious liability, which can be described as follows: if an individual, group, or
institution hires an anesthesia provider or even simply approves of that person (e.g., by granting
clinical privileges through a hospital medical staff), those involved in the decision may later be



held liable in the courts, along with the individual, for the individual's actions. This would be
especially true if it were later discovered that the offending practitioner's past adverse outcomes
had not been adequately investigated during the credentialing process.

Out of these various long-standing concerns has arisen the sometimes cumbersome process of
obtaining state licenses to practice and of obtaining hospital privileges. It is somewhat analogous
to passing through screening and metal detection devices at airports, which is tolerated by the
individual in the interest of the safety of all, with the presumption that danger will be detected
and eliminated. The stringent credentialing process is intended both to protect patients and to
safeguard the integrity of the medical profession. Recently, central credentialing systems have
been developed, including those affiliated with the American Medical Association, American
Osteopathic Association, and, particularly, the Federation Credentials Verification Service of the
Federation of State Medical Boards. These systems verify a physician's basic credentials (identity,
citizenship or immigration status, medical education, postgraduate training, licensure examination
history, prior licenses, board actions, etc.) once and then, thereafter, can certify the validity of
these credentials to a state licensing board or medical facility. Some states do not yet accept this
verification and most states seek specific supplemental information.

There are checklists of the requirements for the granting of medical staff privileges by hospitals
(see the American Hospital Association Resource Center, http://www.aharc.library.net). In
addition, the National Practitioner Data Bank and reporting system administered by the U.S.
government now has many years' worth of information in it. This data bank is a central repository
of licensing and credentials information about physicians. Many adverse situations involving a
physician—particularly instances of substance abuse, malpractice litigation, or the revocation,
suspension, or limitation of that physician's license to practice medicine or to hold hospital
privileges—must be reported (via the state board of medical registration/licensure) to the National
Practitioner Data Bank. It is a statutory requirement that all applications for hospital staff
privileges be cross-checked against this national data bank. The potential medicolegal liability on
the part of a facility's medical staff, and the anesthesiology group in particular, for failing to do so
is significant. The Data Bank, however, is not a complete substitute for direct documentation and
background checking. Often, practitioners reach negotiated solutions following quality-driven
medical staff problems, thereby avoiding the mandatory reporting. In such cases, a suspect
physician may be given the option to resign medical staff privileges and avoid Data Bank reporting
rather than undergo full involuntary privilege revocation.

Documentation

The documentation for the credentialing process for each anesthesia practitioner must be
complete. Privileges to administer anesthesia must be officially granted and delineated in writing.3
This can be straightforward or it can be more complex to accommodate institutional needs to
identify practitioners specially qualified to practice in designated anesthesia subspecialty areas
such as cardiac, infant/pediatric, obstetric, intensive care, or pain management. Specific
documentation of the process of granting or renewing clinical privileges is required and, unlike
some other records, the documentation likely is protected as confidential peer review information.
Any questions about complex sensitive issues such as this should be referred to an experienced
attorney familiar with applicable federal and state law. Verification of an applicant's credentials
and experience is mandatory. Because of another type of legal case, some
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examples of which have been highly publicized, medical practitioners may be hesitant to give an
honest evaluation (or any evaluation at all) of individuals known to them who are seeking a
professional position elsewhere. Obviously, someone writing a reference for a current or former
coworker should be honest. Sticking to clearly documentable facts is advisable. Stating a fact that
is in the public record (such as a malpractice case lost at trial) should not justify an objection
from the subject of the reference. Whether omitting such a fact is dishonest on the part of the
reference writer is more of a gray area. Including positive opinions and enthusiastic
recommendations, of course, is no problem. Some fear that including facts that may be perceived
as negative (e.g., the lost malpractice case or personal problems such as a history of treatment



for substance abuse) and negative opinions will provoke retaliatory lawsuits (such as for libel,
defamation of character, or loss of livelihood) from the subject. As a result, many reference
writers in these questionable situations confine their written material to brief, simple facts such as
dates employed and position held. As always, questions about complex sensitive issues such as
this should be referred to an experienced attorney familiar with applicable federal and state law.

Because there should be no hesitation for a reference writer to include positive opinions, receipt
of a reference that includes nothing more than dates worked and position held should be a
suggestion that there may be more to the story. Receipt of such a reference about a person
applying for a position should always lead to a telephone call to the writer. A telephone call is
likely advisable in all cases, independent of whatever the written reference contains. Frequently,
pertinent questions over the telephone can elicit more candid information. In rare instances, there
may be dishonesty through omission by the reference giver even at this level. This may involve an
applicant who an individual, a department or group, or an institution would like to see leave. The
subject applicant may have poor-quality practice, but there may also be reluctance by the
reference giver(s) to approach licensing or disciplinary authorities (because of the unpleasantness
and also out of concern about retaliatory legal action). This type of “sandbagging” is fortunately
infrequent. The best way to avoid it is to telephone an independent observer or source (such as a
former employer or associate who no longer has a personal stake in the applicant's success or
even the head nurse of an OR in which the applicant worked) when any question exists. Because
the ultimate goal is optimum patient care, the subjects applying for positions generally should not
object to such calls being made. Discovery of a history of unsafe practices and/or habits or of
causing preventable anesthesia morbidity or mortality should elicit careful evaluation as to
whether the applicant can be appropriately assigned, trained, and/or supervised to be maximally
safe in the proposed new environment.

In all cases, new personnel in an anesthesia practice environment must be given a thorough
orientation and checkout. Policy, procedures, and equipment may be unfamiliar to even the most
thoroughly trained, experienced, and safe practitioner. This may occasionally seem tedious, but it
is both sound and critically important safety policy. Being in the midst of a crisis situation caused
by unfamiliarity with a new setting is not the optimal orientation session.

After the initial granting of clinical privileges to practice anesthesia, anesthesiologists must
periodically renew their privileges within the institution or facility (e.g., annually or every other
year). There are moral, ethical, and societal obligations on the part of the privilege-granting
entity to take this process seriously. State licensing bodies often become aware of problems with
health professionals very late in the evolution of the difficulties. An anesthesia provider's peers in
the hospital or facility are much more likely to notice untoward developments as they first appear.
However, privilege renewals are often essentially automatic and receive little of the necessary
attention. Judicious checking of renewal applications and awareness of relevant peer review
information is absolutely necessary. The physicians or administrators responsible for evaluating
staff members and reviewing their practices and privileges may be justifiably concerned about
retaliatory legal action by a staff member who is censured or denied privilege renewal.
Accordingly, such evaluating groups must be thoroughly objective (totally eliminating any hint of
political or financial motives) and must have documentation that the staff person in question is in
fact practicing below the standard of care. Court decisions have found liability by a hospital, its
medical staff group, or both when the incompetence of a staff member was known or should have
been known and was not acted upon.® Again, questions about complex sensitive issues such as
this should be referred to an experienced attorney familiar with applicable federal and state law.

A major issue in the granting of clinical privileges, especially in procedure-oriented specialties
such as anesthesiology, is whether it is reasonable to continue the common practice of “blanket”
privileges. This process in effect authorizes the practitioner to attempt any treatment or procedure
normally considered within the purview of the applicant's medical specialty. These considerations
may have profound political and economic implications within medicine, such as which type of
surgeon should be doing carotid endarterectomies or lumbar discectomies. More important,
however, is whether the practitioner being evaluated is qualified to do everything traditionally
associated with the specialty. Specifically, should the granting of privileges to practice anesthesia



automatically approve the practitioner to handle pediatric cardiac cases, critically ill newborns
(such as a day-old premature infant with a large diaphragmatic hernia), ablative pain therapy
(such as an alcohol celiac plexus block under fluoroscopy), high-risk obstetric cases, and so forth?
This question raises the issue of procedure-specific or limited privileges. The quality assurance
(QA) and risk management considerations in this question are weighty if inexperienced or
insufficiently qualified practitioners are allowed or even expected, because of peer or scheduling
pressures, to undertake major challenges for which they are not prepared. The likelihood of
complications and adverse outcome will be higher, and the difficulty of defending the practitioner
against a malpractice claim in the event of catastrophe will be significantly increased.

There is no clear answer to the question of procedure-specific credentialing and granting of
privileges. Ignoring issues regarding qualifications to undertake complex and challenging
procedures has clear negative potential. On the other hand, stringent procedure-specific
credentialing is impractical in smaller groups, and in larger groups encourages many small
“fiefdoms,” with a consequent further atrophy of the clinical skills outside of the practitioner's
specific area(s). Each anesthesia department or group needs to address these issues. At the very
least, the common practice of every applicant for privileges (new or renewal) checking off every
line on the printed list of anesthesia procedures should be reviewed. Additionally, board
certification is now essentially a standard of quality assurance of the minimum skills required for
the consultant practice of anesthesiology. Subspecialty boards, such as those in pain
management, critical care, and transesophageal echocardiography, further objectify the
credentialing process. This is now significant because initial board certification after the year 2000
by the American Board of Anesthesiology is time limited and subject to periodic testing and
recertification. Clearly, this will encourage an ongoing process of continuing medical education
(CME). Many states, some institutions, even some regulatory bodies have requirements for a
minimum number of hours of CME. Documentation of meeting such a standard again acts as one
type of quality assurance mechanism for the individual
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practitioner, while providing another objective credentialing measurement for those granting
licenses or privileges.

Medical Staff Participation and Relationships

All medical care facilities and practice settings depend on their medical staffs, of course, for

daily activities of the delivery of health care; but, very importantly, they also depend on
those staffs to provide administrative structure and support. Medical staff activities are
increasingly important in achieving favorable accreditation status (e.g., from the Joint Commission
for the Accreditation of Healthcare Organizations [JCAHO]) and in meeting a wide variety of
governmental regulations and reviews. Principal medical staff activities involve sometimes time-
consuming efforts, such as duties as a staff officer or committee member. Anesthesiologists
should be participants in—in fact, should play a significant role in—credentialing, peer review,
tissue review, transfusion review, OR management, and medical direction of same-day surgery
units, postanesthesia care units (PACUs), intensive care units (ICUs), and pain management units.
Also, it is very important that anesthesiology personnel be involved in fund-raising activities,
benefits, community outreach projects sponsored by the facility, and social events of the facility
staff.

The role these and related activities play in anesthesia practice management may not be obvious
at first glance, but this is a reflection of the unfortunate fact that, all too often, anesthesiologists
have in the past chosen to have very little or no involvement in such efforts. Of course, there are
exceptions in specific settings. However, it is an unmistakable reality that anesthesiologists as a
group have a reputation for lack of involvement in medical staff and facility issues because of a
lack of time (because of long hours in the OR) or simply a lack of interest. In fact, anesthesiology
personnel are all too often perceived in a facility as the ones who slip in and out of the building
essentially anonymously (often dressed very casually or even in the pajama-like comfort of scrub
suits) and virtually unnoticed. This is an unfortunate state of affairs, and it has frequently come
back in various painful ways to haunt those who have not been involved, or even noticed.



Anesthesiology personnel sometimes respond that the demands for anesthesiology service are so
great that they simply never have the time or the opportunity to become involved in their facility
and with their peers. If this is really true, it is clear that more providers of anesthesia care must
be added at that facility, even if doing so slightly reduces the income of those already there.

In any case, anesthesiologists simply must make the time to be involved in medical staff affairs,
both in health care facility administration and also as part of the organization, administration, and
governance of the comparatively large multispecialty physician groups that provide entities with
which managed care organizations (MCOs) and health care facilities can negotiate for physician
services. The types and styles of these organizations vary widely and are discussed later. The
point here is simple. If anesthesiologists are not involved and not perceived as interested,
dedicated “team players,” they will be shut out of critical negotiations and decisions. Although one
obvious instance in which others will make decisions for anesthesiologists is the distribution of
capitated or bundled practice fee income collected by a central "umbrella” organization, there are
many such situations, and the anesthesiologists will have to comply with the resulting mandates.
In the most basic terms, absence from the bargaining table and/or being seen as uninvolved in the
welfare of the large group virtually ensure that anesthesiologists will not participate in key
decisions or receive their “fair share of the pie.”

Similarly, involvement with a facility, a medical staff, or a multispecialty group goes beyond
formal organized governance and committee activity. Collegial relationships with physicians of
other specialties and with administrators are central to maintenance of a recognized position and
avoidance of the situation of exclusion described above. Being readily available for formal and
informal consults, particularly regarding preoperative patient workup and the maximally efficient
way to get surgeons' patients to the OR in a timely, expedient manner, is extremely important. No
one individual can be everywhere all the time, but an anesthesiology group or department should
strive to be always responsive to any request for help from physicians or administrators. It often
appears that anesthesiologists fail to appreciate just how great a positive impact a relatively
simple involvement (starting an intravenous line for a pediatrician, helping an internist manage an
ICU ventilator, or helping a facility administrator unclog a jammed recovery room) may have.
Unfortunately, anesthesiologists in a great many locations have a negative stereotype built up
over years to overcome and must work hard to maintain the perception that they deserve an equal
voice regarding the impact of the current changes in the health care system.

Establishing Standards of Practice and Understanding the
Standard of Care

Given all the current and future changes in the anesthesiology practice environment, it is more
important than ever that anesthesiologists genuinely understand what is expected of them in their
clinical practice. The increasing frequency and intensity of “production pressure,”” with the tacit
(or even explicit) directive to anesthesia personnel to “go fast” no matter what and to “do more
with less,” creates situations in which anesthesiologists may conclude that they must cut corners
and compromise maximally safe care just to stay in business. This type of pressure has become
even greater with the implementation of more and more protocols or parameters for practice,
some from professional societies such as the ASA and some mandated by or developed in
conjunction with purchasers of health care (government, insurance companies, or MCOs). Many of
these protocols are devised to fast-track patients through the medical care system, especially
when an elective procedure is involved, in as absolutely little time as possible, thus minimizing
costs. Do these fast-track protocols constitute standards of care that health care providers are
mandated to implement? What are the implications of doing so? Of not doing so?

To better understand answers to such questions, it is important to have a basic background in the
concept of the standard of care. Anesthesiology personnel are fortunate in this regard because for
nearly 20 years American anesthesiology has been recognized as one of the significant leaders in
establishing practice standards intended to maximize the quality of patient care and help guide
personnel at times of difficult decisions, including the risk-benefit and cost-benefit decisions of
specific practices. Another important component of this issue is the unique legal system in the
United States, in which the potential liability implications of most decisions must be considered.



Businesses, groups, and individuals have had their entire public existences destroyed by
staggering legal settlements and judgments allowed by the U.S. legal system. Major attempts at
reform of this system have occurred and will continue to occur. However, although a very positive
restructuring of the tort liability system could alleviate some of the catecholamine-generating
“sword over the head” mentality exhibited by some physicians, it will not relieve anesthesiology
personnel of the responsibility to provide maximally safe care for their patients. Integration of
systems and protocols to help maximize the quality of patient care, whether from formal standards
or not, is an important component of managing an anesthesiology practice.

The standard of care is the conduct and skill of a prudent practitioner that can be expected by a
reasonable patient. This is a very important medicolegal concept because a bad medical result due
to a failure to meet the standard of care is malpractice. Extensive discussions have attempted to
establish exactly the applicable standard of care. Courts have traditionally relied on medical
experts knowledgeable about the point in question to give opinions as to what is the standard of
care and if it has been met in an individual case. This type of standard is somewhat different from
the standards promulgated by various standard-setting bodies regarding, for example, the color of
gas hoses connected to an anesthesia machine or the inability to open two vaporizers on that
machine simultaneously. However, ignoring the equipment standards and tolerating an unsafe
situation is a violation of the standard of care. Promulgated standards, such as the various safety
codes and anesthesia machine specifications, rapidly become the standard of care because
patients (through their attorneys, in the case of an untoward event) expect the published
standards to be observed by the prudent practitioner.

Understanding the concept of the standard of care is the key to integrating the numerous
standards, guidelines, statements, practice parameters, and suggested protocols applicable to
American anesthesiology practice in the unfortunately necessary constant undercurrent of concern
about potential legal liability. Ultimately, the standard of care is what a jury says it is. However, it
is possible to anticipate, at least in part, what knowledge and actions will be expected. There are
two main sources of information as to exactly what is the expected standard of care. Traditionally,
the beliefs offered by expert witnesses in medical liability lawsuits regarding what was being done
in real life (de facto standards of care) were the main input juries had in deciding what was
reasonable to expect from the defendant. The resulting problem is well known: except in the most
egregious cases, it is usually possible for the lawyers to find experts who will support each of the
two opposing sides, making the process more subjective than objective. (Because of this, there is
the ASA Guidelines for Expert Witness Qualifications and Testimony.) Of course, there can be
legitimate differences of opinion among thoughtful, insightful experts, but even in these cases the
jury still must decide who is more believable, looks better, or sounds better. The second, much
more objective, source for defining certain component parts of the standard of care has developed
since the mid 1980s in American anesthesiology. It is the published standards of care, guidelines,
practice parameters, and protocols now becoming more common. These serve as hard evidence of
what can be reasonably expected of practitioners and can make it easier for a jury evaluating
whether a malpractice defendant failed to meet the applicable standard of care. Several types of
documents exist and have differing implications.

Leading the Way

e Anesthesiology may be the medical specialty most involved with published standards of care.

It has been suggested that the nature of anesthesia practice (having certain central critical
functions relatively clearly defined and common to all situations and having an emphasis on
technology) makes it the most amenable of all the fields of medicine to the use of published
standards. The original intraoperative monitoring standards® are a classic example. The ASA first
adopted its own set of basic intraoperative monitoring standards in 1986 and has modified them
several times (Table 2-1).

TABLE 2-1 American Society of Anesthesiologists Standards for Basic Anesthetic
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Monitoring

These Standards apply to all anesthesia care, although, in emergency circumstances,
appropriate life-support measures take precedence. These standards may be exceeded at
any time based on the judgment of the responsible anesthesiologist. They are intended
to encourage quality patient care, but observing them cannot guarantee any specific
patient outcome. They are subject to revision from time to time, as warranted by the
evolution of technology and practice. They apply to all general anesthetics, regional
anesthetics, and monitored anesthesia care. This set of standards addresses only the
issue of basic anesthetic monitoring, which is one component of anesthesia care. In
certain rare or unusual circumstances, (1) some of these methods of monitoring may be
clinically impractical, and (2) appropriate use of the described monitoring methods may
fail to detect untoward clinical developments. Brief interruptions of continual® monitoring
may be unavoidable. Under extenuating circumstances, the responsible anesthesiologist
may waive the requirements marked with an asterisk (*); it is recommended that when
this is done, it should be so stated (including the reasons) in a note in the patient's
medical record. These standards are not intended for application to the care of the
obstetrical patient in labor or in the conduct of pain management.

*STANDARD I

Qualified anesthesia personnel shall be present in the room throughout the conduct of all
general anesthetics, regional anesthetics, and monitored anesthesia care.

Objective

Because of the rapid changes in patient status during anesthesia, qualified anesthesia
personnel shall be continuously present to monitor the patient and provide anesthesia
care. In the event there is a direct known hazard, for example, radiation, to the
anesthesia personnel that might require intermittent remote observation of the patient,
some provision for monitoring the patient must be made. In the event that an
emergency requires the temporary absence of the person primarily responsible for the
anesthetic, the best judgment of the anesthesiologist will be exercised in comparing the
emergency with the anesthetized patient's condition and in the selection of the person
left responsible for the anesthetic during the temporary absence.

STANDARD II

During all anesthetics, the patient's oxygenation, ventilation, circulation, and
temperature shall be continually evaluated.

*OXYGENATION

Objective

To ensure adequate oxygen concentration in the inspired gas and the blood during all




anesthetics.

Methods

1. Inspired gas: During every administration of general anesthesia using an
anesthesia machine, the concentration of oxygen in the patient breathing system
shall be measured by an oxygen analyzer with a low oxygen concentration limit
alarm in use.*

2. Blood oxygenation: During all anesthetics, a quantitative method of assessing
oxygenation such as pulse oximetry shall be employed.* Adequate illumination and
exposure of the patient are necessary to assess color.*

*VENTILATION

Objective

To ensure adequate ventilation of the patient during all anesthetics.

Methods

1. Every patient receiving general anesthesia shall have the adequacy of ventilation
continually evaluated. Qualitative clinical signs such as chest excursion,
observation of the reservoir breathing bag, and auscultation of breath sounds are
useful. Continual monitoring for the presence of expired carbon dioxide shall be
performed unless invalidated by the nature of the patient, procedure, or
equipment. Quantitative monitoring of the volume of expired gas is strongly
encouraged.*

2. When an endotracheal tube or laryngeal mask is inserted, its correct positioning
must be verified by clinical assessment and by identification of carbon dioxide in
the expired gas. Continual end-tidal carbon dioxide analysis, in use from the time
of endotracheal tube/laryngeal mask placement, until extubation/removal or
initiating transfer to a postoperative care location, shall be performed using a
quantitative method such as capnography, capnometry, or mass spectroscopy.*

3. When ventilation is controlled by a mechanical ventilator, there shall be in
continuous use a device that is capable of detecting disconnection of components
of the breathing system. The device must give an audible signal when its alarm
threshold is exceeded.

4. During regional anesthesia and monitored anesthesia care, the adequacy of
ventilation shall be evaluated, at least, by continual observation of qualitative
clinical signs.

«CIRCULATION

Objective




To ensure the adequacy of the patient's circulatory function during all anesthetics.

Methods

1. Every patient receiving anesthesia shall have the electrocardiogram continuously
displayed from the beginning of anesthesia until preparing to leave the
anesthetizing location.*

2. Every patient receiving anesthesia shall have arterial blood pressure and heart rate
determined and evaluated at least every 5 minutes.*

3. Every patient receiving general anesthesia shall have, in addition to the above,
circulatory function continually evaluated by at least one of the following:
palpation of a pulse, auscultation of heart sounds, monitoring of a tracing of intra-
arterial pressure, ultrasound peripheral pulse monitoring, or pulse
plethysmography or oximetry.

:BODY TEMPERATURE

Objective

To aid in the maintenance of appropriate body temperature during all anesthetics.

Methods

Every patient receiving anesthesia shall have temperature monitored when clinically
significant changes in body temperature are intended, anticipated, or suspected.

aNote that continual is defined as “repeated regularly and frequently in steady rapid
succession,” whereas continuous means “prolonged without any interruption at any
time.”

Approved by House of Delegates on October 21, 1986, and last affirmed on October 15,
2003.

Reprinted with permission of the American Society of Anesthesiologists, Park Ridge,
Illinois 60068-5586.

This document includes clear specifications for the presence of personnel during an anesthetic
episode and for continual evaluation of oxygenation, ventilation, circulation, and temperature. The
rationale for these monitoring standards is simple; it was felt that functionally mandating certain
behaviors oriented toward providing the earliest, maximum possible warning of threatening
developments during an anesthetic should help minimize intraoperative catastrophic patient
injury. These ASA monitoring standards very quickly became part of the accepted standard of care
in anesthesia practice. This means they are important to practice management because they have
profound medicolegal implications: a catastrophic accident occurring while the standards are being
actively ignored is very difficult to defend in the consequent malpractice suit, whereas an accident



that occurs during well-documented full compliance with the standards will automatically have a
strong defense because the standard of care was being met. Several states in the United States
have made compliance with these ASA standards mandatory under state regulations or even
statutes. Various malpractice insurance companies offer discounts on malpractice insurance policy
premiums for compliance with these standards, something quite natural to insurers because they
are familiar with the idea of managing known risks to help minimize financial loss to the company.
The ASA monitoring standards have been widely emulated in other medical specialties and even in
fields outside of medicine. Although there are definite parallels in these other efforts (such as in
obstetrics and gynecology), no other group has pursued the same degree of definition.

Many of the same management questions that led to the intraoperative monitoring standards have
close parallels in the immediate preoperative and postoperative periods in the PACU. With many of
the same elements of thinking, the ASA adopted Basic Standards for Preanesthesia Care (Table 2-
2). This was supplemented significantly by another type of document, the ASA Practice Advisory
for Preanesthesia Evaluation (http://www.asahqg.org, “Publications and Services, Practice
Parameters”), a 40-page meta-analysis of clinical aspects of preoperative evaluation. Also, the
ASA adopted Standards for Postanesthesia Care (Table 2-3) in which there was consideration of
and collaboration with the very detailed standards of practice for PACU care published by the
American Society of Post Anesthesia Nurses (another good example of the sources of standards of
care). This also was later supplemented by an extensive Practice Guideline.?

TABLE 2-2 American Society of Anesthesiologists Basic Standards for Preanesthesia
Care

These Standards apply to all patients who receive anesthesia or monitored anesthesia
care. Under unusual circumstances, for example, extreme emergencies, these standards
may be modified. When this is the case, the circumstances shall be documented in the
patient's record.

Standard I: An anesthesiologist shall be responsible for determining the medical status
of the patient, developing a plan of anesthesia care, and acquainting the patient or the
responsible adult with the proposed plan.

The development of an appropriate plan of anesthesia care is based upon:

1. Reviewing the medical record.
2. Interviewing and examining the patient to:
a. Discuss the medical history, previous anesthetic experiences, and drug
therapy.
b. Assess those aspects of the physical condition that might affect decisions
regarding perioperative risk and management.
3. Obtaining and/or reviewing tests and consultations necessary to the conduct of
anesthesia.
4. Determining the appropriate prescription of preoperative medications as necessary
to the conduct of anesthesia.

The responsible anesthesiologist shall verify that the above has been properly performed
and documented in the patient's record.

Approved by House of Delegates on October 14, 1987, and affirmed on October 18,
1998.

Reprinted with permission of the American Society of Anesthesiologists, Park Ridge,
Illinois 60068-5586.




TABLE 2-3 American Society of Anesthesiologists Standards for Postanesthesia Care

These Standards apply to postanesthesia care in all locations. These Standards may be
exceeded based on the judgment of the responsible anesthesiologist. They are intended
to encourage quality patient care, but cannot guarantee any specific patient outcome.
They are subject to revision from time to time as warranted by the evolution of
technology and practice. Under extenuating circumstances, the responsible
anesthesiologist may waive the requirements marked with an asterisk (*); it is
recommended that when this is done, it should be so stated (including the reasons) in a
note in the patient's medical record.

*STANDARD I

All patients who have received general anesthesia, regional anesthesia, or monitored
anesthesia care shall receive appropriate postanesthesia management.?

1. A Postanesthesia Care Unit (PACU) or an area that provides equivalent
postanesthesia care shall be available to receive patients after anesthesia care. All
patients who receive anesthesia care shall be admitted to the PACU or its
equivalent except by specific order of the anesthesiologist responsible for the
patient's care.

2. The medical aspects of care in the PACU shall be governed by policies and
procedures that have been reviewed and approved by the Department of
Anesthesiology.

3. The design, equipment, and staffing of the PACU shall meet requirements of the
facility's accrediting and licensing bodies.

*STANDARD II

A patient transported to the PACU shall be accompanied by a member of the anesthesia
care team who is knowledgeable about the patient's condition. The patient shall be
continually evaluated and treated during transport with monitoring and support
appropriate to the patient's condition.

STANDARD III

Upon arrival in the PACU, the patient shall be reevaluated and a verbal report provided
to the responsible PACU nurse by the member of the anesthesia care team who
accompanies the patient.

1. The patient's status on arrival in the PACU shall be documented.

2. Information concerning the preoperative condition and the surgical/anesthetic
course shall be transmitted to the PACU nurse.

3. The member of the Anesthesia Care Team shall remain in the PACU until the PACU
nurse accepts responsibility for the nursing care of the patient.

*STANDARD IV




The patient's condition shall be evaluated continually in the PACU.

1. The patient shall be observed and monitored by methods appropriate to the
patient's medical condition. Particular attention should be given to monitoring
oxygenation, ventilation, circulation, and temperature. During recovery from all
anesthetics, a quantitative method of assessing oxygenation such as pulse
oximetry shall be employed in the initial phase of recovery.* This is not intended
for application during the recovery of the obstetrical patient in whom regional
anesthesia was used for labor and vaginal delivery.

2. An accurate written report of the PACU period shall be maintained. Use of an
appropriate PACU scoring system is encouraged for each patient on admission, at
appropriate intervals prior to discharge, and at the time of discharge.

3. General medical supervision and coordination of patient care in the PACU should be
the responsibility of an anesthesiologist.

4. There shall be a policy to assure the availability in the facility of a physician
capable of managing complications and providing cardiopulmonary resuscitation for
patients in the PACU.

*STANDARD V

A physician is responsible for the discharge of the patient from the PACU.

1. When discharge criteria are used, they must be approved by the Department of
Anesthesiology and the medical staff. They may vary depending upon whether the
patient is discharged to a hospital room, to the Intensive Care Unit, to a short stay
unit, or home.

2. In the absence of the physician responsible for the discharge, the PACU nurse shall
determine that the patient meets the discharge criteria. The name of the physician
accepting responsibility for discharge shall be noted on the record.

aRefer to Standards of Post Anesthesia Nursing Practice 1992, published by American
Society of Post Anesthesia Nurses (ASPAN), for issues of nursing care.

Approved by House of Delegates on October 12, 1988, and last amended on October 19,
1994.

Reprinted with permission of the American Society of Anesthesiologists, Park Ridge,
Illinois 60068-5586.

A slightly different situation exists with regard to the standards for conduct of anesthesia in
obstetrics. These standards were originally passed by the ASA in 1988, in the same manner as the
other ASA standards, but the ASA membership eventually questioned whether they reflected a
realistic and desirable standard of care. Accordingly, the obstetric anesthesia standards were
downgraded in 1990 to guidelines (Table 2-4), specifically to remove the mandatory nature of the
document. Because there was no agreement as to what should be prescribed as the standard of
care, the medicolegal imperative of published standards has been temporarily set aside. From a
management perspective, this makes the guidelines no less valuable, because the intent of
optimizing care through the avoidance of complications is no less operative. However, in the event
of the need to defend against a malpractice claim in this area, it is clear from this sequence of
events that the exact standard of care is debatable and not yet finally established. A different ASA
document, Practice Guidelines for Obstetrical Anesthesia, with more detail and specificity as well
as an emphasis on the meta-analytic approach has been generated.!°




TABLE 2-4 American Society of Anesthesiologists Guidelines for Regional Anesthesia
In Obstetrics

These guidelines apply to the use of regional anesthesia or analgesia in which local
anesthetics are administered to the parturient during labor and delivery. They are
intended to encourage quality patient care but cannot guarantee any specific patient
outcome. Because the availability of anesthesia resources may vary, members are
responsible for interpreting and establishing the guidelines for their own institutions and
practices. These guidelines are subject to revision from time to time as warranted by the
evolution of technology and practice.

GUIDELINE I

Regional anesthesia should be initiated and maintained only in locations in which
appropriate resuscitation equipment and drugs are immediately available to manage
procedurally related problems.

Resuscitation equipment should include, but is not limited to: sources of oxygen and
suction, equipment to maintain an airway and perform endotracheal intubation, a means
to provide positive-pressure ventilation, and drugs and equipment for cardiopulmonary
resuscitation.

GUIDELINE II

Regional anesthesia should be initiated by a physician with appropriate privileges and
maintained by or under the medical direction? of such an individual.

Physicians should be approved through the institutional credentialing process to initiate
and direct the maintenance of obstetric anesthesia and to manage procedurally related
complications.

GUIDELINE III

Regional anesthesia should not be administered until: (1) the patient has been examined
by a qualified individual® and (2) a physician with obstetrical privileges to perform
operative vaginal or cesarean delivery, who has knowledge of the maternal and fetal
status and the progress of labor and who approves the initiation of labor anesthesia, is
readily available to supervise the labor and manage any obstetric complications that may
arise.

Under circumstances defined by department protocol, qualified personnel may perform
the initial pelvic examination. The physician responsible for the patient's obstetrical care
should be informed of her status so that a decision can be made regarding present risk
and further management.b




*GUIDELINE IV

An intravenous infusion should be established before the initiation of regional anesthesia
and maintained throughout the duration of the regional anesthetic.

*GUIDELINE V

Regional anesthesia for labor and/or vaginal delivery requires that the parturient's vital
signs and the fetal heart rate be monitored and documented by a qualified individual.
Additional monitoring appropriate to the clinical condition of the parturient and the fetus
should be employed when indicated. When extensive regional blockade is administered
for complicated vaginal delivery, the standards for basic anesthetic monitoring® should
be applied.

*GUIDELINE VI

Regional anesthesia for cesarean delivery requires that the standards for basic
anesthetic monitoring® be applied and that a physician with privileges in obstetrics be
immediately available.

*GUIDELINE VII

Qualified personnel, other than the anesthesiologist attending the mother, should be
immediately available to assume responsibility for resuscitation of the newborn.b

The primary responsibility of the anesthesiologist is to provide care to the mother. If the
anesthesiologist is also requested to provide brief assistance in the care of the newborn,
the benefit to the child must be compared to the risk to the mother.

*GUIDELINE VIII

A physician with appropriate privileges should remain readily available during the
regional anesthetic to manage anesthetic complications until the patient's postanesthesia
condition is satisfactory and stable.

*GUIDELINE IX

All patients recovering from regional anesthesia should receive appropriate
postanesthesia care. Following cesarean delivery and/or extensive regional blockade, the
standards for postanesthesia care? should be applied.

1. A postanesthesia care unit (PACU) should be available to receive patients. The
design, equipment, and staffing should meet requirements of the facility's




accrediting and licensing bodies.
2. When a site other than the PACU is used, equivalent postanesthesia care should be
provided.

*GUIDELINE X

There should be a policy to assure the availability in the facility of a physician to
manage complications and to provide cardiopulmonary resuscitation for patients
receiving postanesthesia care.

2 The Anesthesia Care Team (approved by ASA House of Delegates October 6, 1982, and
last amended October 17, 2001).

b Guidelines for Perinatal Care (American Academy of Pediatrics and American College of
Obstetricians and Gynecologists, 1988).

¢ Standards for Basic Anesthetic Monitoring (approved by ASA House of Delegates
October 21, 1986, and last amended October 21, 1998).

d Standards for Postanesthesia Care (approved by ASA House of Delegates October 12,
1988, and last amended October 19, 1994).

Approved by House of Delegates on October 12, 1988, and last amended on October 18,
2000.

Reprinted with permission of the American Society of Anesthesiologists, Park Ridge,
Illinois 60068-5586.

Practice Guidelines

The newest type of related ASA document is the Practice Guideline (formerly “Practice
Parameter”). This has some of the same elements as a standard of practice but is more intended
to guide judgment, largely through algorithms with some element of guidelines, in addition to
directing the details of specific procedures as would a formal standard. A good example of a set

of practice parameters came some years ago from the cardiologists and addressed the indications
for cardiac catheterization. Beyond the details of the minimum standards for carrying out the
procedure, these practice parameters set forth algorithms and guidelines for helping to determine
under what circumstances and with what timing to perform it. Understandably, purchasers of
health care (government, insurance companies, and MCOs) with a strong desire to limit the costs
of medical care have great interest in practice parameters as potential vehicles for helping to
eliminate “unnecessary” procedures and limit even the necessary ones.

The ASA has been very active in creating and publishing practice guidelines. The first published
parameter (since revised) concerned the use of pulmonary artery (PA) catheters.'! It considered
the clinical effectiveness of PA catheters, public policy issues (costs and concerns of patients and
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providers), and recommendations (indications and practice settings). The next month, the ASA
Difficult Airway Algorithm was published (also since revised).!? This thoughtful document
synthesized a strategy summarized in a decision tree diagram for dealing acutely with airway
problems. It has great clinical value, and it is reasonable to anticipate that it will be used to help
many patients. However, all these documents are readily noticed by plaintiffs' lawyers, the
difficult airway parameter from the ASA being an excellent example. An important and so-far
undecided question is whether guidelines and practice parameters from recognized entities such as
the ASA define the standard of care. There is no simple answer. This will be decided over time by
practitioners' actions, debates in the literature, mandates from malpractice insurers, and, of
course, court decisions. Some guidelines, such as the FDA preanesthetic apparatus checkout, are
accepted as the standard of care. There will be debate among experts, but the practitioner must
make the decision as to how to apply practice parameters such as those from the ASA.
Practitioners have incorrectly assumed that they must do everything specified. This is clearly not
true, yet there is a valid concern that these will someday be held up as defining the standard of
care. Accordingly, prudent attention within the bounds of reason to the principles outlined in
guidelines and parameters will put the practitioner in at least a reasonably defensible position,
whereas radical deviation from them should be based on obvious exigencies of the situation at
that moment or clear, defensible alternative beliefs (with documentation).

The ASA has many other task forces charged with the development of practice parameters. Several
aspects of pain management, transesophageal echocardiography, policies for sedation by
nonanesthesia personnel, preoperative fasting, avoidance of peripheral neuropathies, and others
have been published and will likely have at least the same impact as those noted above.

On the other hand, practice protocols, such as those for the fast-track management of coronary
artery bypass graft patients, that are handed down by MCOs or health insurance companies are a
different matter. Even though the desired implication is that practitioners must observe (or at
least strongly consider) them, they do not have the same implications in defining the standard of
care as the other documents. Practitioners must avoid getting trapped. It may well not be a valid
legal defense to justify action or the lack of action because of a company protocol. Difficult as it
may be to reconcile with the payer, the practitioner still is subject to the classic definitions of
standard of care.

The other type of standards associated with medical care are those of the JCAHO, the best-known
medical care quality regulatory agency. As noted earlier, these standards were for many years
concerned largely with structure (e.g., gas tanks chained down) and process (e.g., documentation
complete), but in recent years they have been expanded to include reviews of the outcome of
care. JCAHO standards also focus on credentialing and privileges, verification that anesthesia
services are of uniform quality throughout an institution, the qualifications of the director of the
service, continuing education, and basic guidelines for anesthesia care (need for preoperative and
postoperative evaluations, documentation, and so forth). Full JCAHO accreditation of a health care
facility is usually for 3 years. Even the best hospitals and facilities receive some citations of
problems or deficiencies that are expected to be corrected, and an interim report of efforts to do
so is required. If there are enough problems, accreditation can be conditional for 1 year, with a
complete reinspection at that time. Preparing for JCAHO inspections starts with verification that
essential group/department structure is in place; excellent examples exist.® The process ultimately
involves a great deal of work, but because the standards usually do promote high-quality care, the
majority of this work is highly constructive and of benefit to the institution and its medical staff.

Review Implications

Another type of regulatory agency is the peer review organization. Professional standards review
organizations (PSROs) were established in 1972 as utilization review/QA overseers of the care of
federally subsidized patients (Medicare and Medicaid). Despite their efforts to deal with quality of
care, these groups were seen by all involved as primarily interested in cost containment. Various
negative factors led to the PSROs' being replaced in 1984 with the peer review organization
(PRO).!3 There is a PRO in each state, many being associated with a state medical association. The
objectives of a PRO include 14 goals related to hospital admissions (e.g., to shift care to an



outpatient basis as much as possible) and 5 related to quality

of care (e.g., to reduce avoidable deaths and avoidable complications). The PROs comprise full-
time support staff and physician reviewers paid as consultants or directors. Ideally, PRO
monitoring will discover suboptimal care, and this will lead to specific recommendations for
improvement in quality. There is a perception that quality of care efforts are hampered by the lack
of realistic objectives and also that these PRO groups, like others before them, will largely or
entirely function to limit the cost of health care services.

The practice management implications have become clear. Aside from the as-yet unrealized
potential for quality improvement efforts and the occasional denial of payment for a procedure,
the most likely interaction between the local PRO and anesthesiology personnel will involve a
request for perioperative admission of a patient whose care is mandated to be outpatient surgery
(this could also occur dealing with a managed care organization). If the anesthesiologist feels, for
example, that either (1) preoperative admission for treatment to optimize cardiac, pulmonary,
diabetic, or other medical status or (2) postoperative admission for monitoring of labile situations
such as uncontrolled hypertension will reduce clear anesthetic risks for the patient, an application
to the PRO for approval

of admission must be made and vigorously supported. All too often, however, such issues surface
a day or so before the scheduled procedure in a preanesthesia screening clinic or even in a
preoperative holding area outside the OR on the day of surgery. This will continue to occur until
anesthesia providers educate their constituent surgeon community as to what types of associated
medical conditions may disqualify a proposed patient from the outpatient (ambulatory) surgical
schedule. If adequate notice is given by the surgeon, such as at the time an elective case is
booked for the OR, the patient can be seen far enough in advance by an anesthesiologist to allow
appropriate planning.

In the circumstance in which the first knowledge of a questionable patient comes 1 or 2 days
before surgery, the anesthesiologist can try to have the procedure postponed, if possible, or can
undertake the time-consuming task of multiple telephone calls to get the surgeon's agreement,
get PRO approval, and make the necessary arrangements. Because neither alternative is
particularly attractive, especially from administrative and reimbursement perspectives, there may
be a strong temptation to “let it slide” and try to deal with the patient as an outpatient even
though this may be questionable. In almost all cases, it is likely that there would be no adverse
result (the “get away with it” phenomenon). However, the patient might well be exposed to an
avoidable risk. Both because of the workings of probability and because of the inevitable tendency
to let sicker and sicker patients slip by as lax practitioners repeatedly “get away with it” and are
lulled into a false sense of security, sooner or later there will be an unfortunate outcome or some
preventable major morbidity or even mortality.

The situation is worsened when the first contact with a questionable ambulatory patient is
preoperatively (possibly even already in the OR) on the day of surgery. There may be intense
pressure from the patient, the surgeon, or the OR administrator and staff to proceed with a case
for which the anesthesia practitioner believes the patient is poorly prepared. The arguments made
regarding patient inconvenience and anxiety are valid. However, they should not outweigh the
best medical interests of the patient. Although this is a point in favor of screening all outpatients
before the day of surgery, the anesthesiologist facing this situation on the day of operation should
state clearly to all concerned the reasons for postponing the surgery, stressing the issue of
avoidable risk and standards of care, and then help with alternative arrangements (including, if
necessary, dealing with the PRO or MCO).

Potential liability exposure is the other side of the standard of care issue. Particularly regarding
questions of postoperative admission of ambulatory patients who have been unstable in some
worrisome manner, it is an extremely poor defense against a malpractice claim to state that the
patient was discharged home, only later to suffer a complication because the PRO/MCO deemed
that operative procedure outpatient and not inpatient surgery. As bureaucratically annoying as it
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may be, it is a prudent management strategy to admit the patient if there is any legitimate
question, thus minimizing the chance for complications, and later haggle with the PRO or directly
with the involved third-party payer (MCO).

Policy and Procedure

Management of an anesthesiology practice involves business, organizational, and clinical issues.
One important organizational point that is often overlooked is the need for a complete policy and
procedure manual. Such a compilation of documents is necessary for all practices, from the largest
departments covering multiple hospitals to a single-room outpatient facility with one anesthesia
provider. Contemplation of this compilation of documents may evoke a collective groan from
anesthesiology personnel, and maintaining this manual may be misperceived as a bureaucratic
chore. Quite the contrary, such a manual can be extraordinarily valuable, as, for example, when it
provides crucial information during an emergency. Some suggestions for the content of this
compendium exist,'* but, at minimum, organizational and procedural elements must be included.

The organizational elements that should be present include a chart of organization and
responsibilities that is not just a call schedule but a clear explanation of who is responsible for
what functions of the department and when, with attendant details such as expectations for the
practitioner's presence within the institution at designated hours, telephone availability, pager
availability, the maximum permissible distance from the institution, and so forth. Experience
suggests it is especially important for there to be an absolutely clear specification of the
availability of qualified anesthesiology personnel for emergency cesarean section, particularly in
practice arrangements in which there are several people on call covering multiple locations. Sadly,
these issues often are only considered after a disaster has occurred that involved
miscommunication and the mistaken belief by one or more people that someone else would take
care of an acute problem.

The organizational component of the policy and procedure manual should also include a clear
explanation of the orientation and checkout procedure for new personnel, continuing medical
education requirements and opportunities, the mechanisms for evaluating personnel and for
communicating this evaluation to them, disaster plans (or reference to a separate disaster manual
or protocol), QA activities of the department, and the format for statistical record keeping
(number of procedures, types of anesthetics given, types of patients anesthetized, number and
types of invasive monitoring procedures, number and type of responses to emergency calls,
complications, or whatever the group/department decides).

The procedural component of the policy and procedure manual should give both handy practice
tips and specific outlines of proposed courses of action for particular circumstances; it also should
store little-used but valuable information. Reference should be made to the statements,
guidelines, practice parameters, and standards appearing on the ASA website. Also included
should be references to or specific protocols for the areas mentioned in the JCAHO standards:
preanesthetic evaluation, immediate preinduction reevaluation, safety of the patient during the
anesthetic period, release of the patient from any PACU, recording of all pertinent events during
anesthesia, recording of postanesthesia visits, guidelines defining the role of anesthesia services
in hospital infection control, and guidelines for safe use of general anesthetic agents. Other
appropriate topics include the following:

1. Recommendations for preanesthesia apparatus checkout, such as from the U.S. Food and
Drug Administration (FDA)!> (see Chapter 21)

2. Guidelines for minimal monitoring and duration of stay of an infant, child, or adult in the
PACU

3. Procedures for transporting patients to/from the OR, PACU, or ICU

4. Policy on ambulatory surgical patients—for example, screening, use of regional anesthesia,
discharge home criteria



5. Policy on evaluation and processing of same-day admissions

6. Policy on recovery room admission and discharge

7. Policy on ICU admission and discharge

8. Policy on physicians responsible for writing orders in recovery room and ICU
9. Policy on informed consent and its documentation

10. Policy on the use of patients in clinical research
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11. Guidelines for the support of cadaver organ donors and its termination

12. Guidelines on environmental safety, including pollution with trace gases and electrical
equipment inspection, maintenance, and hazard prevention

13. Procedure for change of personnel during an anesthetic
14. Procedure for the introduction of new equipment, drugs, or clinical practices

15. Procedure for epidural and spinal narcotic administration and subsequent patient monitoring
(e.g., type, minimum time, nursing units)

16. Procedure for initial treatment of cardiac or respiratory arrest

17. Policy for handling patient's refusal of blood or blood products, including the mechanism to
obtain a court order to transfuse

18. Procedure for the management of malignant hyperthermia

19. Procedure for the induction and maintenance of barbiturate coma

20. Procedure for the evaluation of suspected pseudocholinesterase deficiency
21. Protocol for responding to an adverse anesthetic event

22. Policy on resuscitation of DNR patients in the OR.

Individual departments will add to the suggestions listed here as dictated by their specific needs.
A thorough, carefully conceived policy and procedure manual is a valuable tool. The manual should
be reviewed and updated as needed but at least annually, with a particularly thorough review
preceding each JCAHO inspection. Each member of a group or department should review the
manual at least annually and sign off in a log indicating familiarity with current policies and
procedures.

Meetings and Case Discussion

There must be regularly scheduled departmental or group meetings. Although didactic lectures and
continuing education meetings are valuable and necessary, there also must be regular
opportunities for open clinical discussion about interesting cases and problem cases. Also, the
JCAHO requires that there be at least monthly meetings at which risk management and QA
activities are documented and reported. Whether these meetings are called case conferences,
morbidity and mortality conferences, or deaths and complications, the entire department or group
should gather for an interchange of ideas. More recently these gatherings have been called QA
meetings. An open review of departmental statistics should be done, including all complications,
even those that may appear trivial. Unusual patterns of small events may point toward a larger or
systematic problem, especially if they are more frequently associated with one individual
practitioner.

A problem case presented at the departmental meeting might be an overt accident, a near
accident (critical incident), or an untoward outcome of unknown origin. Honest but constructive
discussion, even of an anesthesiologist's technical deficiencies or lack of knowledge, should take



place in the spirit of constructive peer review. The classic question “"What would you do differently
next time?” is a good way to start the discussion. There may be situations in which inviting the
surgeon or the internist involved in a specific case would be advantageous. The opportunity for
each type of provider to hear the perspective of another discipline not only is inherently
educational, but also can promote communication and cooperation in future potential problem
cases.

Records of these meetings must be kept for accreditation purposes, but the enshrining of overly
detailed minutes (potentially subject to discovery by a plaintiff's attorney at a later date) may
inhibit true educational and corrective interchanges about untoward events. In the circumstance of
discussion of a case that seems likely to provoke litigation, it is appropriate to be certain that the
meeting is classified as official “peer review” and possibly even invite the hospital attorney or
legal counsel from the relevant malpractice insurance carrier (to guarantee the privacy of the
discussion and minutes).

Support Staff

There is a fundamental need for support staff in every anesthesia practice. Even independent
practitioners rely in some measure on facilities, equipment, and services provided by the
organization maintaining the anesthetizing location. In large, well-organized departments, reliance
on support staff is often very great. The need for adequate staff and the inadvisability of
scrimping on critical support personnel to cut costs is obvious. What is often overlooked, however,
is a process analogous to that of credentialing and privileges for anesthesiologists, although at a
slightly different level. The people expected to provide clinical anesthesia practice support must
be qualified and must at all times understand what they are expected to do and how to do it. It is
singularly unfortunate to realize only after an anesthesia catastrophe has occurred that basic
details of simple work assignments, such as the changing of carbon dioxide absorbent, were
routinely ignored. This indicates the need for supervision and monitoring of the support staff by
the involved practitioners. Further, such support personnel are favorite targets of cost-cutting
administrators who do not understand the function of anesthesia technicians or their equivalent.
In the modern era, many administrators seem driven almost exclusively by the “bottom line” and
cannot appreciate the connection between valuable workers such as these and the “revenue
stream.” Even though it is obvious to all who work in an OR that the anesthesia support personnel
make it possible for there to be patients flowing through the OR, it is their responsibility to
convince the facility's fiscal administrator that elimination of such positions is genuinely false
economy because of the attendant loss in efficiency, particularly in turning over the room between
surgeries. Further, it is also false economy to reduce the number of personnel below that are
genuinely needed to retrieve, clean, sort, disassemble, sterilize, reassemble, store, and distribute
the tools of daily anesthesia practice. Inadequate attention to all these steps truly creates the
environment of “an accident waiting to happen.” When there is threatened loss of budget funding
from a health care facility for the salaries of needed anesthesia support personnel, the
practitioners involved must not simply stand by and see the necessary functions thrown into a
“hit-or-miss” status by a few remaining heavily overburdened workers. Vigorous defense (or
initiation of and agitation for new positions if the staff is inadequate) by the anesthesia
practitioners should be undertaken, always with the realization that it may be necessary in some
circumstances for them to supplement the budget from the facility with some of their practice
income to guarantee an adequate complement of competent workers.

Business and organizational issues in the management of an anesthesia practice are also critically
dependent on the existence of a sufficient number of appropriately trained support staff. One
frequently overlooked issue that contributes to the negative impression generated by some
anesthesiology practices centers on being certain there is someone available to answer the
telephone at all times during the hours surgeons, other physicians, and OR scheduling desks are
likely to telephone. This seemingly trivial component of practice management is very important to
the success of an anesthesiology practice as a business whose principal customers are the
surgeons.
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Certainly there is a commercial server-client relationship both with the patient and the purchaser
of health care; however, the uniquely symbiotic nature of the relationship between surgeons and
anesthesiologists is such that availability even for simple “just wanted to let you know” telephone
calls is genuinely important. The person who answers the telephone is the representative of the
practice to the world and must take that responsibility seriously. From a management standpoint,
significant impact on the success of the practice as a business often hinges on such details.
Further, anesthesiologists should always have permanent personal electronic pagers and reliable
mobile telephones (or the radio equivalent) to facilitate communications from other members of
the department or group and from support personnel. This may sound intrusive, but the unusual
position of anesthesiologists in the spectrum of physicians mandates this feature of managing an
anesthesiology practice. Anesthesiology personnel should have no hesitation about spending their
own practice income to do so. The symbolism alone is obvious.

Anesthesia Equipment and Equipment Maintenance

Problems with anesthesia equipment have been discussed for some time.'%'7 However, compared
to human error, overt equipment failure very rarely causes intraoperative critical incidents!® or
deaths resulting from anesthesia care.'® Aside from the obvious human errors involving misuse of
or unfamiliarity with the equipment, when the rare equipment failure does occur, it appears often
that correct maintenance and servicing of the apparatus has not been done. These issues become
the focus of anesthesia practice management efforts, which could have significant liability
implications, because there can often be confusion or even disputes about precisely who is
responsible for arranging maintenance of the anesthesia equipment—the facility or the
practitioners who use it and collect practice income from that activity. In many cases, the facility
assumes the responsibility. In situations in which that is not true, however, it is necessary for the
practitioners to recognize that responsibility and seek help securing a service arrangement,
because this is likely an unfamiliar obligation for clinicians.

Programs for anesthesia equipment maintenance and service have been outlined.32% A distinction
is made between failure as a result of progressive deterioration of equipment, which should be
preventable because it is observable and should provoke appropriate remedial action, and
catastrophic failure, which, realistically, often cannot be predicted. Preventive maintenance for
mechanical parts is critical and involves periodic performance checks every 4 to 6 months. Also,
an annual safety inspection of each anesthetizing location and the equipment itself is necessary.
For equipment service, an excellent mechanism is a relatively elaborate cross-reference system
(possibly kept handwritten in a notebook but ideal for maintenance on an electronic spreadsheet
program) to identify both the device needing service and also the mechanism to secure the needed
maintenance or repair.

Equipment handling principles are straightforward. Before purchase, it must be verified that a
proposed piece of equipment meets all applicable standards, which will usually be true when
dealing with recognized major manufacturers. (The recent renewed efforts of some facility
administrators to save money by attempting to find “refurbished” anesthesia machines and
monitoring systems should provoke thorough review by the involved practitioners of any proposed
purchases of used equipment. Unlike refurbished computers, used anesthesia equipment has many
moving mechanical parts that are subject to wear and eventual mechanical failure.) On arrival,
electrical equipment must be checked for absence of hazard (especially leakage current) and
compliance with applicable electrical standards. Complex equipment such as anesthesia machines
and ventilators should be assembled and checked out by a representative from the manufacturer
or manufacturer's agent. There are potential adverse medicolegal implications when relatively
untrained personnel certify a particular piece of new equipment as functioning within specification,
even if they do it perfectly. It is also very important to involve the manufacturer's representative
in pre- and in-service training for those who will use the new equipment. On arrival, a sheet or
section in the departmental master equipment log must be created with the make, model, serial
number, and in-house identification for each piece of capital equipment. This not only allows
immediate identification of any equipment involved in a future recall or product alert, but also
serves as the permanent repository of the record of every problem, problem resolution,



maintenance, and servicing occurring until that particular equipment is scrapped. This log must be
kept up to date at all times. There have been rare but frightening examples of potentially lethal
problems with anesthesia machines leading to product alert notices requiring immediate
identification of certain equipment and its service status.

Service

Beyond the administrative liability implications, precisely what type of support personnel should
maintain and service major anesthesia equipment has been widely debated. There are significant
management implications. Equipment setup and checkout have been mentioned. After that, some
groups or departments rely on factory service representatives from the equipment manufacturers
for all attention to equipment, others engage independent service contractors, and still other
(often larger) departments have access to personnel (either engineers and/or technicians)
permanently within their facility. Needs and resources differ. The single underlying principle is
clear: the person(s) doing preventive maintenance and service on anesthesia equipment must be
qualified. Anesthesia practitioners may wonder how they can assess these qualifications. The best
way is to unhesitatingly ask pertinent questions about the education, training, and experience of
those involved, including asking for references and speaking to supervisors and managers
responsible for those doing the work. Whether an engineering technician who spent a week at a
course at a factory can perform the most complex repairs depends on a variety of factors, which
can be investigated by the practitioners ultimately using the equipment in the care of patients.
Failure to be involved in this oversight function exposes the practice to increased liability in the
event of an untoward outcome associated with improperly maintained or serviced equipment.

Determining when anesthesia equipment becomes obsolete and should be replaced is another
question that is difficult to answer. Replacement of obsolete anesthesia machines and monitoring
equipment is a key element of a risk modification program. Ten years is often cited as an
estimated useful life for an anesthesia machine, but although an ASA statement repeats that idea,
it also notes that the ASA promulgated a Policy for Assessing Obsolescence in 1989 that does not
subscribe to any specific time interval. Anesthesia machines considerably more than 15 years old
likely do not meet certain of the safety standards now in force for new machines (such as
vaporizer lockout, fresh gas ratio protection, and automatic enabling of the oxygen analyzer) and,
unless extensively retrofitted, do not incorporate the new technology that advanced very rapidly
during the 1980s, much of it directly related to the effort to prevent untoward incidents. Further,
it appears that this technology will continue to advance, particularly because of the adoption of
anesthesia workstation standards by the European
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Economic Union that are affecting anesthesia machine design worldwide. Note that some
anesthesia equipment manufacturers, anxious to minimize their own potential liability, have
refused to support (with parts and service) some of the oldest of their pieces (particularly gas
machines) still in use. This disowning of equipment by its own manufacturer is a very strong
message to practitioners that such equipment must be replaced as soon as possible.

Should a piece of equipment fail, it must be removed from service and a replacement substituted.
Groups, departments, and facilities are obligated to have sufficient backup equipment to cover any
reasonable incidence of failure. The equipment removed from service must be clearly marked with
a prominent label (so it is not returned into service by a well-meaning technician or practitioner)
containing the date, time, person discovering, and the details of the problem. The responsible
personnel must be notified so they can remove the equipment, make an entry in the log, and
initiate the repair. As indicated in the protocol for response to an adverse event, a piece of
equipment involved or suspected in an anesthesia accident must be immediately sequestered and
not touched by anybody—particularly not by any equipment service personnel. If a severe accident
occurred, it may be necessary for the equipment in question to be inspected at a later time by a
group consisting of qualified representatives of the manufacturer, the service personnel, the
plaintiff's attorney, the insurance companies involved, and the practitioner's defense attorney. The
equipment should thus be impounded following an adverse event and treated similarly to any
object in a forensic “chain of evidence,” with careful documentation of parties in contact with and
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responsible for securing the equipment in question following such an event. Also, major equipment
problems may, in some circumstances, reflect a pattern of failure as a result of a design or
manufacturing fault. These problems should be reported to the FDA's Medical Device Problem
Reporting system?! via MedWatch on Form 3500 (at http://0-
www.fda.gov.innopac.up.ac.za:80/medwatch/index.html, or telephone 800-FDA-1088). This
system accepts voluntary reports from users and requires reports from manufacturers when there
is knowledge of a medical device being involved in a serious incident. Whether or not filing such a
report will have a positive impact in subsequent litigation is impossible to know, but it is a

worthwhile practice management point that needs to be considered in the unlikely but important
instance of a relevant event involving equipment failure.

Malpractice Insurance

All practitioners need liability insurance coverage specific for the specialty and role in which they
are practicing. Premium rates depend on specialty, subspecialty, and whether the insured
performs procedures that the insurance company's experience suggests may be more likely to
result in a malpractice lawsuit. It is absolutely critical that applicants for medical liability
insurance be completely honest in informing the insurer what duties and procedures they perform.
Failure to do so, either from carelessness or from a foolishly misguided desire to reduce the
resulting premium, may well result in retrospective denial of insurance coverage in the event of an
untoward outcome from an activity the insurer did not know the insured engaged in.

Proof of adequate insurance coverage is usually required to secure or renew privileges to practice
at a health care facility. The facility may specify certain minimum policy limits in an attempt to
limit its own liability exposure. It is difficult to suggest specific dollar amounts for policy limits
because the details of practice vary so much among situations and locations. The malpractice
crisis of the 1980s eased significantly in the early 1990s for anesthesiologists, largely because of
the decrease in number and severity of malpractice claims resulting from anesthesia catastrophes
as anesthesia care in the United States became safer.22:23.24 The exact analysis of this
phenomenon can be debated,?3:2% but it is a simple fact that malpractice insurance risk ratings
have been decreased and premiums for anesthesiologists have not been increased at the same
rate as for other specialties over the past decade and, in many cases, have actually decreased.
This does not mitigate the need for adequate coverage, however. In the early 2000s, coverage
limits of $1 million to $3 million would seem the bare minimum advisable. This policy specification
usually means that the insurer will cover up to $1 million liability per claim and up to $3 million
total per year, but this terminology is not necessarily universal. Therefore, anesthesiology
personnel must be absolutely certain what they are buying when they apply for malpractice
insurance. In parts of the United States known for a pattern of exorbitant settlements and jury
verdicts, liability coverage limits of $2 million to $5 million may be prudent and well worth the
moderate additional cost. An additional feature in this regard is the potential to employ “umbrella”
liability coverage above the limits of the base policy, as noted later.

Background

The fundamental mechanism of medical malpractice insurance changed significantly in the last two
decades because of the need for insurance companies to have better ways to predict what their
losses (amounts paid in settlements and judgments) might be. Traditionally, medical liability
insurance was sold on an “occurrence” basis, meaning that if the insurance policy was in force at
the time of the occurrence of an incident resulting in a claim, whenever that claim might be filed,
the practitioner would be covered. Occurrence insurance was somewhat more expensive than the
alternative “claims made” policies, but was seen as worth it by some (many) practitioners. These
policies created some open-ended exposure for the insurer that sometimes led to unexpected large
losses, even some large enough to threaten the existence of the insurance company. As a result,
medical malpractice insurers have converted almost exclusively to claims-made insurance, which
covers claims that are filed while the insurance is in force. Premium rates for the first year a
physician is in practice are relatively low because there is less likelihood of a claim coming in (a
majority of malpractice suits are filed 1 to 3 years after the event in question). The premiums



usually increase yearly for the first 5 years and then the policy is considered “"mature.” The issue
comes when the physician later, for whatever reason, must change insurance companies (e.g.,
because of relocation to another state). If the physician simply discontinues the policy and a claim
is filed the next year, there will be no insurance coverage. Therefore, the physician must secure
“tail coverage,” sometimes for a minimum number of years (e.g., 5) or sometimes indefinitely to
guarantee liability insurance protection for claims filed after the physician is no longer primarily
covered by the insurance policy. It may be possible in some circumstances to purchase tail
coverage from a different insurer than was involved with the primary policy, but by far the most
common thing done is to simply extend the existing insurance coverage for the period of the tail.
This very often yields a bill for the entire tail coverage premium, which can be quite sizable,
potentially staggering a physician who simply wants to move to another state where his existing
insurance company is not licensed to or refuses to do business. The issue of how to pay this
premium is appropriately the subject of management attention and effort within the anesthesia
practice. Individual situations will vary widely, but it is reasonable for anesthesiologists organized
into a fiscal entity to consider this issue at the time of the inception of the group and record their
policy decisions in writing, rather than facing the potentially difficult question of how to treat one
individual later. Other strategies have occasionally been employed when
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insuring the tail period, including converting the previous policy to part-time status for a period of
years, and purchasing “nose” coverage from the new insurer—that is, paying an initial higher
yearly premium with the new insurer, who then will cover claims that may occur during the tail
period. Whatever strategy is adopted, it is critical that the individual practitioner be absolutely
certain through personal verification that he or she is thoroughly covered at the time of any
transition. The potential stakes are much too great to leave such important issues solely to an
office clerk. Further, a practitioner arriving in a new location is often filling a need or void and is
urged to begin clinical work as soon as humanly possible by others who have been shouldering an
increased load. It is essential that the new arrival verify with confirmation in writing (often called
a “"binder”) that malpractice liability insurance coverage is in force before any patient contact.

Another component to the liability insurance situation is consideration of the advisability of
purchasing yet another type of insurance called “umbrella coverage,” which is activated at the
time of the need to pay a claim that exceeds the limits of coverage on the standard malpractice
liability insurance policy. Because such an enormous claim is extremely unlikely, many
practitioners are tempted to forgo the comparatively modest cost of such insurance coverage in
the name of economy. As before, it is easy to see that this is potentially a very false economy—if
there is a huge claim. Practitioners should consult with their financial managers, but it is likely
that it would be considered wise management to purchase “umbrella” liability insurance coverage.

Medical malpractice insurers are becoming increasingly active in trying to prevent incidents that
will lead to insurance claims. They often sponsor risk-management seminars to teach practices
and techniques to lessen the chances of liability claims and, in some cases, suggest (or even
mandate) specific practices, such as strict documented compliance with the ASA Standards for
Basic Anesthetic Monitoring. In return for attendance at such events and/or the signing of
contracts stating that the practitioner will follow certain guidelines or standards, the insurer often
gives a discount on the liability insurance premium. Clearly, it is sound practice management
strategy for practitioners to participate maximally in such programs. Likewise, some insurers make
coverage conditional on the consistent implementation of certain strategies such as minimal
monitoring, even stipulating that the practitioner will not be covered if it is found that the
guidelines were being consciously ignored at the time of an untoward event. Again, it is obviously
wise from a practice management standpoint to cooperate fully with such stipulations.

Response to an Adverse Event

o In spite of the decreased incidence of anesthesia catastrophes, even with the very best of
practice, it is statistically likely that each anesthesiologist at least once in his or her

professional life will be involved in a major anesthesia accident. (See Chapter 5.) Precisely

because such an event is rare, very few are prepared for it. It is probable that the involved



personnel will have no relevant past experience regarding what to do. Although an obvious
resource is another anesthetist who has had some exposure or experience, one of these may not
be available either. Various authors have discussed what to do in that event.27:28:29 Cooper et al.
have thoughtfully presented the appropriate immediate response to an accident in a
straightforward, logical, compact format3° that should periodically be reviewed by all
anesthesiology practitioners and should be included in all anesthesia policy and procedure
manuals. This “adverse events protocol” is also always immediately available at
http://www.apsf.org, "Resources: Clinical Safety.” Unfortunately, however, the principal personnel
involved in a significant untoward event may react with such surprise or shock as to temporarily
lose sight of logic. At the moment of recognition that a major anesthetic complication has
occurred or is occurring, help must be called. A sufficient number of people to deal with the
situation must be assembled on site as quickly as possible. For example, in the unlikely but still
possible event that an esophageal intubation goes unrecognized long enough to cause a cardiac
arrest, the immediate need is for enough skilled personnel to conduct the resuscitative efforts,
including making the correct diagnosis and replacing the tube into the trachea. Whether the
anesthesiologist apparently responsible for the complication should direct the immediate remedial
efforts will depend on the person and the situation. In such a circumstance, it would seem wise for
a senior or supervising anesthesiologist quickly to evaluate the scenario and make a decision. This
person becomes the “incident supervisor” and has responsibility for helping prevent continuation
or recurrence of the incident, for investigating the incident, and for ensuring documentation while
the original and helping anesthesiologists focus on caring for the patient. As noted, involved
equipment must be sequestered and not touched until such time as it is certain that it was not
involved in the incident.

If the accident is not fatal, continuing care of the patient is critical. Measures may be instituted to
help limit damage from brain hypoxia. Consultants may be helpful and should be called without
hesitation. If not already involved, the chief of anesthesiology must be notified as well as the
facility administrator, risk manager, and the anesthesiologist's insurance company. These latter
are critical to allow consideration of immediate efforts to limit later financial loss. (Likewise, there
are often provisions in medical malpractice insurance policies that might limit or even deny
insurance coverage if the company is not notified of any reportable event immediately.) If there is
an involved surgeon of record, he or she probably will first notify the family, but the
anesthesiologist and others (risk manager, insurance loss control officer, or even legal counsel)
might appropriately be included at the outset. Full disclosure of facts as they are best known—
with no confessions, opinions, speculation, or placing of blame—is currently still believed to be the
best presentation. Any attempt to conceal or shade the truth will later only confound an already
difficult situation. Obviously, comfort and support should be offered, including, if appropriate, the
services of facility personnel such as clergy, social workers, and counselors. There is a new
movement in medical risk management and insurance advocating immediate full disclosure to the
victim or survivors, including “confessions” of medical judgment and performance errors with
attendant sincere apologies. If indicated, early offers of reasonable compensation may be
included. There have been instances when this overall strategy has prevented the filing of a
malpractice lawsuit and has been applauded by all involved as an example of a shift from the
“culture of blame” with punishment to a “just culture” with restitution. Laudable as this approach
may sound, it would be mandatory for an individual practitioner to check with the involved liability
insurance carrier, the practice group, and the facility administration before attempting it.

The primary anesthesia provider and any others involved must document relevant information.
Never, ever change any existing entries in the medical record. Write an amendment note if needed
with careful explanation of why amendment is necessary, particularly stressing explanations of
professional judgments involved. State only facts as they are known. Make no judgments about
causes or responsibility and do not “point fingers.” The same guidelines hold true for the filing of
the incident report in the facility, which should be done as soon as is practical. Further, all
discussions with the patient or family should be carefully documented in the medical record.
Recognizing that detailed memories of the events may fade in the 1 to
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3 years before the practitioner may face deposition questions about exactly what happened, it is



possible that it will be recommended, immediately after the incident, that the involved clinical
personnel sit down as soon as practical and write out their own personal notes, which will include
opinions and impressions as well as maximally detailed accounts of the events as they unfolded.
These personal notes are not part of the medical record or the facility files. These notes should be
written in the physical presence of an involved attorney representing the practitioner, even if this
is not yet the specific defense attorney secured by the malpractice insurance company, and then
that attorney should take possession of and keep those notes as case material. This strategy is
intended to make the personal notes “attorney-client work product,” and thus not subject to
forced “discovery” (revelation) by other parties to the case.

Follow-up after the immediate handling of the incident will involve the primary anesthesiologist
but should again be directed by a senior supervisor, who may or may not be the same person as
the incident supervisor. The “follow-up supervisor” verifies the adequacy and coordination of
ongoing care of the patient and facilitates communication among all involved, especially with the
risk manager. Lastly, it is necessary to verify that adequate postevent documentation is taking
place.

Of course, it is expected that such an adverse event will be discussed in the applicable morbidity
and mortality meeting. This is good and appropriate. It is necessary, however, to coordinate this
activity with the involved risk manager and attorney so as to be completely certain that the
contents and conclusions of the discussion are clearly considered peer review activity, and thus
are shielded from discovery by the plaintiffs' attorney.

Unpleasant as this is to contemplate, it is better to have a clear plan and execute it in the event
of an accident causing injury to a patient. Vigorous immediate intervention may improve the
outcome for all concerned.

PRACTICE ESSENTIALS

The “Job Market” for Anesthesiologists

While it is true that in the mid 1990s, for the first time, uncertainty faced residents finishing
anesthesiology training because of a perception that there were not enough jobs available, that
concept faded relatively quickly. Somewhat of a manageable balance between supply and demand
developed, but with a significant ongoing component of the idea that there is an overall shortage
of anesthesia providers. It is likely that this fundamental paradigm will persist in the next decade.

Factors governing the issues of supply of and demand for anesthesiologists are complex and
evolving. Before about 1993, with the exception of a very few of the most popular cities, finishing
residents could first decide where they wanted to live and then seek an anesthesiology practice
there to join or simply start one themselves. Although a maldistribution of anesthesiologists in the
United States existed (and still exists, with underserved rural and inner-city areas that may have
few or no physician anesthesia services), there were enough finishing residents coming into the
system to populate practices across the country in a manner that created a more “normal”
marketplace system in which candidates for anesthesiology jobs faced most of the same
considerations as all other professionals. Another factor of historical significance (but also with
potential application in the future) was the proposal in 1993 by the U.S. federal administration to
restructure radically American health care delivery. Although this proposal was abandoned as too
radical, it introduced an element of uncertainty that persisted long after the idea had been
dismissed. This element of uncertainty led many anesthesiologists and facilities to adopt a “wait
and see” attitude about hiring new anesthesiologists at that time.

Later, there was an element of “pent up demand” that opened many anesthesiologist positions
later in the decade of the 1990s. Another factor is the marketplace forces that have been and
continue to induce significant changes in the U.S. health care system independent of any
government proposal for change. Put as simply as possible, the business community, employers
who provide health care insurance for their employees, and government entities that fund
programs such as Medicare and Medicaid have suggested that it may be impossible for them to
continue to fund the rapidly increasing expenditures necessary to provide health care coverage. As



a result, an entire new industry, managed health care, appeared. The managed care concept is
built on the idea that traditional fee-for-service health care has no incentive for health care
providers, principally physicians, to limit expenditures. In fact, physicians, health care workers,
and health care facilities were financially rewarded the more health care was “consumed” or
rendered to patients. Accordingly, MCOs came into being, declaring to business and government
that a new administrative layer was needed to control (reduce) what physicians and health care
facilities spend. This management of care by outside, independent reviewers and decision makers
who determine what care can and should be rendered to the patient was intended to replace the
traditional fee-for-service indemnity system (bills submitted by physicians based on what they
decide is necessary that are then paid after the fact by a health plan or insurance company) and
thereby significantly reduce the cost for health care to employers and governments. One of the
main themes of managed care plans was that there would be much less surgery. This idea led
logically to questions about how many anesthesiologists really were needed in this country.
Discussions occurred both outside and within organized anesthesiology about such
questions,31:32,:33.34 phut, predictably, no definitive answers were or are possible.

By 2001, the situation had largely reversed with the marketplace declaring a shortage of
anesthesia providers and multiple attractive job offers for most residents being graduated. Senior
medical students very quickly realized this and the number of highly qualified American graduates
applying to anesthesiology residencies increased dramatically in the first years of the twenty-first
century.3% The situation is evolving and fluid,3® and it is important to remember that there will
always be surgery, no matter what health system changes take place. Even in the face of new
potential health system reforms and also continued clinical innovation with “nonoperative
procedures” replacing some traditional surgical operations, it seems likely that, again, any
predictions of less need for OR anesthesia simply will not come true and there may well be, in
fact, ongoing increases in demand. Moreover, anesthesiologists do more than just OR anesthesia
(and likely increasingly so in the future). Accordingly, at the time of this writing, prospects for
finishing anesthesiology residents are extremely bright and they must be armed with knowledge
about the practice world.

Types of Practice

With the “alphabet soup” of new practice arrangements for physicians (IPA, PPO, PHO, MCO, MSO,
HMO) and the rapidly evolving forces of the health care marketplace, as well as the intermittent
appearance of major governmental initiatives to institute radical reform of the health care system,
it is difficult to outline the details of all the possible types of opportunities for anesthesiologists.
Rather, it is reasonable to provide basic background information and also suggestions of sources
of further information.
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At least through the first decade of the twenty-first century, residents finishing anesthesiology
training will still need to choose among three fundamental possibilities: academic practice in a
teaching hospital environment; a practice exclusively of patient care in the private practice
marketplace; and a practice exclusively of patient care as an employee of a health care system,
organization, or facility.

Teaching hospitals with anesthesiology residency programs constitute only a very small fraction of
the total number of facilities requiring anesthesia services. These academic departments tend to
be among the largest, but the aggregate fraction of the entire anesthesiologist population is small.
It is interesting, however, that by the nature of the system, most residents finishing their training
have almost exclusively been exposed only to academic anesthesiology. Accordingly, finishing
residents in the past often were comparatively unprepared to evaluate and enter the
anesthesiology job market. As noted, the Anesthesiology Residency Review Committee now
requires teaching of job acquisition skills and practice management as part of the residency
didactic curriculum.

Specialty certification by the American Board of Anesthesiology (ABA) should be the goal of all
anesthesia residency graduates. Some graduating residents who know they are eventually headed



for private practice have started their attending careers as junior faculty. This allows them to
obtain some clinical practice and supervisory experience and offers them the opportunity to
prepare for the ABA examinations in the nurturing, protected academic environment with which
they are familiar. Most residents, however, do not become junior faculty; they accept practice
positions immediately. But such newly trained residents should take into account the need to
become ABA-certified and build into their new practice arrangements the stipulation that there will
be time and consideration given toward this goal. The hectic and unsettling time of embarking on
a new career, possibly moving one's home and family, and getting acclimated to a new
professional and financial environment may inhibit optimum performance on the examinations. The
possibilities to avoid this disruption may be comparatively limited, but awareness of the problem
can help. At the very least, it may lead to the forging of initial practice arrangements that will
maximize the probability of success.

Academic Practice

For those who choose to stay in academic practice, the first question is whether to consider
staying at one's training institution. On the one hand, “the devil you know is better than the devil
you don't know.” On the other hand, however, fear of the unknown should not inhibit investigation
of all possibilities. Aside from obvious personal preferences such as area of the country, size of
city, and climate, a number of specific characteristics of academic anesthesia departments can be
used as screening questions.

How big is the department? Junior faculty sometimes can get lost in very big departments and be
treated as little better than glorified senior residents. On the other hand, the availability of
subspecialty service opportunities and significant research and educational resources can make
large departments extremely attractive. In smaller academic departments, there may be fewer
resources, but the likelihood of being quickly accepted as a valued, contributing member of the
teaching faculty (and research team, if appropriate) may be higher. In very small departments,
the number of expectations, projects, and involvements could potentially be overwhelming.
Additionally, a small department may lack a dedicated research infrastructure, so it may be
necessary for the faculty in this situation to collaborate with other, larger departments to
accomplish meaningful academic work.

What exactly is expected of junior faculty? If teaching one resident class every other week is
standard, the candidate must enthusiastically accept that assignment and the attendant
preparation work and time up front. Likewise, if it is expected that junior faculty will, by
definition, be actively involved in publishable research, specific plans for projects to which the
candidate is amenable must be made. In such situations, clear stipulations about startup research
funding and nonclinical time to carry out the projects should be obtained as much as possible.
Particularly important is determining what the expectation is concerning outside funding—it can be
a rude shock to realize that projects will suddenly halt after, for example, 2 years if extramural
funding has not been secured.

What are the prospects for advancement? Many new junior faculty directly out of residency start
with medical school appointments as instructors unless there is something else in their
background that immediately qualifies them as assistant professors. It is wise to understand from
the beginning what it takes in that department and medical school to facilitate academic
advancement. There may be more than one academic “track;” the tenure track, for example, is
usually dependent on published research whereas the clinical or teacher track relies more heavily
on one's value in patient care and as a clinical educator. The criteria for promotion may be clearly
spelled out by the institution—number of papers needed, involvement and recognition at various
levels, grants submitted and funded, and so on—or the system may be less rigid and depend more
heavily on the department chairman's and other faculty evaluations and recommendations. In
either case, careful inquiry before accepting the position can avert later surprise and
disappointment.

How much does it pay? Traditionally, academic anesthesiologists have not earned quite as much as
those in private practice—in return for the advantage of more predictable (and maybe less



strenuous) schedules, continued intellectual stimulation, and the intangible rewards of academic
success. There is now great activity and attention concerning reimbursement of anesthesiologists,
and it is difficult to predict future income for any anesthesiology practice situation. However, all
of the forces influencing payment for anesthesia care may significantly diminish the traditional
income differential between academic and private practice. This is not a small issue.
Anesthesiologists justifiably can expect to live reasonably well. Income is also a valid
consideration both because anesthesiologists are frequently at least 30 years old when they finish
training and are thus starting well behind their age-mates in lifetime earnings and because most
physicians have substantial educational loans to repay when finishing residency. The compensation
arrangements in academic practice vary widely in structure. In some cases, a faculty member is
exclusively an employee of the institution, which bills and collects or negotiates group contracts
for the patient care rendered by the faculty member, and then pays a negotiated amount (either
an absolute dollar figure or a floating amount based on volume and/or collections—or a
combination of the two) that constitutes the faculty person's entire income. Under other less
common arrangements, faculty members themselves may be able to bill and collect or negotiate
contracts for their clinical work. Some institutions have a (comparatively small) academic salary
from the medical school for being on the faculty, but many do not; some channel variable amounts
of money (from so-called Part A clinical revenue) into the academic practice in recognition of
teaching and administration or simply as a subsidy for needed service. A salary from the medical
school, if extant, is then supplemented significantly by the practice income. Usually, the faculty
will be members of some type of group or practice plan (either for the anesthesia department
alone or the entire faculty as a whole) that bills and collects or negotiates contracts and then
distributes the practice income to the faculty under an arrangement that must be
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examined by the candidate. In most academic institutions, practice expenses such as all overhead
and malpractice insurance as well as reasonable benefits, including discretionary funds for
meetings, subscriptions, books, dues, and so on, are automatically part of the compensation
package, which often may not be true in private practice and must be counted in making any
comparison. An important corollary issue is that of the source of the salaries of the department's
primary anesthesia providers—residents and, in some cases, nurse anesthetists. Although the
hospital usually pays for at least some of these, arrangements vary, and it is important to
ascertain whether the faculty practice income is also expected to cover the cost of the primary
providers. Overall, it is reasonable to sound out faculty, both anesthesiology and others, regarding
the past and likely future commitment of the institution to the establishment and maintenance of
reasonable compensation for the expected involvement.

Private Practice in the Marketplace

As noted, some residents finish their anesthesia training never having seen a private practice
anesthesia setting or even talked to an anesthesiologist who has been in private practice. These
candidates are ill-equipped to seek a position in the private practice marketplace. Obviously,
rotations to a private practice hospital in the final year of anesthesia residency could help greatly
in this regard, but not all residency programs offer such opportunities. In that case, the finishing
resident who is certain about going into private practice must seek information on career
development and mentors from the private sector.

Armed with as much information as possible, one fundamental initial choice is between
independent individual practice and a position with a group (either a sole proprietorship,
partnership, or corporation) that functions as a single financial entity. Independent practice may
become increasingly less viable in many locations because of the need to be able to bid for
contracts with managed care entities. However, where independent practice is possible, it usually
first involves attempting to secure clinical privileges at a number of hospitals or facilities in the
area in which one chooses to live. This may not always be easy, and this issue has been the
subject of many (frequently unsuccessful) antitrust suits over recent years (see Antitrust
Considerations). Then the anesthesiologist makes it known to the respective surgeon communities
that he or she is available to render anesthesia services and waits until there is a request for his
or her services. The anesthesiologist obtains the requisite financial information from the patient



and then either individually bills and collects for services rendered or employs a service to do
billing and collection for a percentage fee (which will vary depending on the circumstances,
especially the volume of business; for billing [without scheduling services] it would be unlikely to
be more than 7% or, at the most, 8% of actual collections). How much of the needed equipment
and supplies will be provided by the hospital or facility and how much by the independent
anesthesiologist varies widely. If an anesthesiologist spends considerable time in one operating
suite, he or she may purchase an anesthesia machine exclusively for his or her own use and move
it from room to room as needed. It is likely to be impractical to move a fully equipped anesthesia
machine from hospital to hospital on a day-to-day basis. Among the features of this style of
practice are the collegiality and relationships of a genuine private practice based on referrals and
also the ability to decide independently how much time one wants to be available to work. The
downside is the potential unpredictability of the demand for service and the time needed to
establish referral patterns and obtain bookings sufficient to generate a livable income.

Acknowledging that the issues presented earlier may at some times render components of these
suggestions moot, it is reasonable for the graduating resident to know that when seeking a
position with a private group, the applicant should search for potential practice opportunities
through word of mouth, recruiting letters sent to the training program supervisor, journal
advertisements, and placement services (either commercial or professional, such as that provided
at the ASA annual meeting). Some of the screening questions are the same as for an academic
position, but there must be even more emphasis on the exact details of clinical expectations and
financial arrangements. Some residents finish residency (or fellowship training to an even greater
extent) very highly skilled in complex, difficult anesthesia procedures. They can be surprised to
find that in some private practice group situations, the junior-most anesthesiologist must wait
some time, perhaps even years, before being eligible to do, for example, cardiac anesthesia and in
the meantime will mostly be assigned more routine or less challenging anesthetics. Of course, this
is not always the circumstance, but the applicant needs to investigate thoroughly to be certain
that the opportunity satisfies the desire for professional challenge.

Financial arrangements in private group practices vary widely. Some groups are loose
organizational alliances of independent practitioners who bill and collect separately and rotate
clinical assignments and call for mutual convenience. Many groups act also as a fiscal entity, and
there are many possible variations on this theme. In many circumstances in the past, new junior
members started out as functional employees of the group for a probationary interval before being
considered for full membership or partnership. This is not a classic employment situation because
it is intended to be temporary as a prelude to full financial participation in the group. However,
there have been enough instances of established groups abusing this arrangement that the ASA
includes in its fundamental Statement of Policy the proviso: “Exploitation of anesthesiologists by
other anesthesiologists is improper.”3 This goes on to say that after a reasonable trial period,
income should reflect services rendered. Unfortunately, these statements may have little meaning
or impact on groups in the marketplace. Some groups have a history of demanding excessively
long trial periods during which the junior anesthesiologist's income is artificially low and then
denying partnership and terminating the relationship to go on to employ a new probationer and
start the cycle over again. Accordingly, new junior staff attempting to join groups should try to
have such an arrangement spelled out carefully in the agreement drafted by an expert
representing the anesthesiologist. Another variation of this, in an attempt to disguise the
fundamentally unethical nature of the practice, is to employ anesthesiologists on a fixed salary
with the false incentive of no night or weekend call. This is disingenuous, as the vast majority of
income is usually generated during routine scheduled day work, for which the anesthesiologist-
employee is poorly compensated. Yet another usurious scheme is for a group to employ an
anesthesiologist for a period of years at a low salary and then require a further cash outlay to
purchase partnership in the corporation. As the cash outlay can be quite substantial, it is
frequently borrowed from the corporation, leading to a sophisticated form of indentured servitude.
Sadly, when the job market conditions are poor as they were some years ago, the tendency is for
there to be less likelihood of securing a prospective commitment of partnership at a specified
future time. This is especially true in the more desirable areas of the United States where stories
of abuse of junior “partners” have been more common. Whether this should substantially affect an



applicant's interest in or willingness to accept a position is a highly individual matter that must be
evaluated by each applicant. As the market turned and the demand often exceeded the supply of
new anesthesiologists, such abuses appeared less
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likely. In all cases, the applicant must utilize resources* that allow them to enter the negotiating
process armed with maximum information and reasonable expectations.

Private Practice as an Employee

There has been some trend toward anesthesiologists becoming permanent employees of any one of
various fiscal entities. The key difference is that there is no intention or hope of achieving an
equity position (share of ownership, usually of a partnership, thus becoming a full partner).
Hospitals, outpatient surgery centers, multidisciplinary clinics, other facilities tied to a specific
location where surgery is performed, physician groups that have umbrella fiscal entities
specifically created to serve as the employer of physicians, and even surgeons may seek to hire
anesthesiologists as permanent employees. The common thread in this system is that these fiscal
entities see the anesthesiologists as additional ways of generating profits. Again, in many cases it
would appear that employees are not paid a salary that is commensurate with their production of
receivables. That is, the fiscal entity will pay a salary substantially below collections generated
plus appropriate overhead. These arrangements are particularly favored by some large managed
care organizations in certain cities that view anesthesiologists simply as expensive necessities
that prevent hospitals from realizing maximum profit (although sometimes there is a promise of a
lighter or more manageable schedule in these positions compared to marketplace private
practice). At the height of the managed care mania of the mid to late 1990s, there were
predictions that this trend would continue to grow, and that eventually most physicians in the
support specialties of anesthesiology, radiology, pathology, and emergency medicine would be
outright permanent employees of an organized entity of some type. While clearly this did not
happen and the managed care bubble has deflated somewhat, it is impossible to speculate on the
future in this regard. Many anesthesiologists believe that the future is extraordinarily bright and
that anesthesiology will expand its role, predicting that anesthesiologists will increasingly assume
positions of central authority in managed care and other practice entities, making decisions about
the hiring and firing of physicians of other specialties.

Negotiating for a position as a permanent employee is somewhat simpler and more straightforward
than it is in marketplace private practice. It parallels the usual understandings that apply to most
regular employer-employee situations: job description, role expectations, working conditions,
hours, pay, and benefits. The idea of anesthesiologists functionally becoming shift workers
disturbs many in the profession because it contradicts the traditional professional model. On the
other hand, major upheaval in the health care delivery system has sometimes led to
reorganization that, until very recently, was unheard of. Again, the complex nature and multiple
levels of such considerations make it a personal issue that must be carefully evaluated by each
individual with full awareness and consideration of the issues outlined here.

Billing and Collecting

In practices in which anesthesiologists are directly involved with the financial management, they
need to understand as much as possible about the complex world of health care reimbursement.
This significant task has been made easier by the ASA, which some time ago added a significant
component to its Washington, D.C., office by adding a practice management coordinator to the
staff. One of the associated assignments is helping ASA members understand and work with the
sometimes confusing and convoluted issues of effective billing for anesthesiologists' services.
There are often updates with the latest information and codes in the monthly ASA Newsletter.

There continue to be proposals for significant changes in billing for anesthesiology care. However,
the basics have changed only slightly in recent years. It is important to understand that many of
the most contentious issues, such as the requirement for physician supervision of nurse

anesthetists and the implications of that for reimbursement, apply in many circumstances mostly
to Medicare and, in some states, Medicaid. Thus, the fraction of the patient population covered by



these government payers is important in any consideration. Different practice situations have
different arrangements regarding the financial relationships between anesthesiologists and nurse
anesthetists, and this can affect the complex situation of who bills for what. The nurses may be
employees of a hospital, of the anesthesiologists who medically direct them, or of no one in that
they are independent contractors billing separately (even in cases in which physician supervision—
not medical direction—is required but where those physicians do not bill for that component). In
1998, Medicare mandated that an anesthesia care team of a nurse anesthetist medically directed
by an anesthesiologist could bill as a team no more than 100% of the fee that would apply if the
anesthesiologist did the case alone. The implications of this change are complex and variable
among anesthesiology practices, particularly because there is another trend—for health care
facilities that traditionally had employed nurse anesthetists to seek to shift total financial
responsibility for them to the anesthesiologist practice group. Also, complex related issues played
out in the early 2000 years. The federal government issued a new regulation allowing individual
states to “opt out” of the requirement that nurse anesthetists be supervised by physicians and
several states did so. This was opposed by the ASA. Because perioperative patient care, one
component of which is administering anesthesia, is traditionally considered the practice of
medicine, the implications of this change as far as the role of surgeons supervising nurse
anesthetists and the malpractice liability status of nurse anesthetists practicing independently
were unclear. Further, the implications of all this for billing insurers other than Medicare and
Medicaid are exceedingly complex. Obviously, careful consideration of these issues and seeking
out advice from knowledgeable resources (such as the ASA Washington office) is critical to fiscal
stability in modern anesthesiology practice.

There has been significant consideration of the mechanism of billing for anesthesiology. There
have been some suggestions that so-called schedule fees (a single predetermined fee for an
anesthetic, independent of its length or complexity) will become more common. Further, there is
pressure from some quarters to bundle together all the physicians' fees for one procedure into a
single global professional fee that would pay the surgeon, anesthesiologist, radiologist,
pathologist, and so on for one case, such as a laparoscopic cholecystectomy. However, all of this
concern about billing for specific procedures could become irrelevant in systems with prospective
capitated payments for large populations of patients, in which each group of involved physicians in
a system would receive a fixed amount per enrolled member per month (PMPM) and agree, except
in the most unusual circumstances, to provide whatever care is needed by that population for that
prospective payment. These are intended to be large-scale operations involving at least tens of
thousands of people (“covered lives”) in each organization. There was a trend in this direction in
the late 1990s, but, as with so many aspects of managed care, the actual implantation of the
ideas in real life did not work out smoothly or as planned and there was a resulting retrenchment
into more blended models of facility reimbursement based on DRG (diagnosis related group) codes
and professional reimbursement based on a
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negotiated multiple (or fraction) of the corresponding Medicare payment for that service.

Classic Methodology

Because there is still widespread application of the traditional method of billing for anesthesiology
services, understanding it is very important for anesthesiologists starting practice. In this system,
each anesthetic generates a value of so many “units,” which represent effort and time. A
conversion factor (dollars per unit) that can vary widely multiplied by the number of units
generates an amount to be billed. Each anesthetic has a base value number of units (e.g., 8 for a
cholecystectomy) and then the time taken for the anesthetic is divided into units, usually 15
minutes per unit. Thus, a cholecystectomy with anesthesia time of 1 hour and 50 minutes would
have 8 base units and 7.33 time units for a total of 15.33 units. In some practice settings, it may
be allowed to add modifiers, such as extra units for complex patients with multiple problems as
reflected by an ASA physical status classification of 3 to 5 and/or E (*emergency”) or for insertion
of an arterial or pulmonary artery catheter. The sum is the total billing unit value. Determining
the base value for an anesthetic in units depends on full and correct understanding of what
operation was done. Although this sounds easy, it is the most difficult component of traditional



anesthesia billing. The process of determining the procedure done is known as coding because the
procedure name listed on the anesthesia record is assigned an identifying code number from the
universally used CPT-4 coding book. This code is then translated through the ASA Relative Value
Guide, which assigns a base unit value to the type of procedure identified by the CPT-4 code. In
the past, some anesthesiologists failed to understand the importance of correct coding to the
success of the billing process. Placing this task in the hands of someone unfamiliar with the
system and with surgical terminology can easily lead to incorrect coding. This can fail to capture
charges and the resulting income to which the anesthesiologist is entitled or, worse, can
systematically overcharge the payers, which will bring sanctions, penalties and, in certain cases,
criminal prosecution. In recent years a prevailing official attitude has been that there are no
simple, innocent coding errors. All upcoding (charging for more expensive services than were
actually delivered) is considered to be prima facie evidence of fraud and subject to severe
disciplinary and legal action. All practices should have detailed compliance programs in place to
ensure correct coding for services rendered.3” Outside expert help (such as from a health care law
firm that specializes in compliance programs) is highly desirable for the process of formulating
and implementing a compliance plan.

Assembly and transfer of the information necessary to generate bills must be efficient and
complete. Traditionally, this involved depositing in a secure central location a paper extra copy of
the anesthesia record and often a “billing sheet” with it, on which was inscribed the names of all
the involved personnel and any additional information about other potentially billable services,
such as invasive monitors. Any practice involved with a comprehensive electronic perioperative
information management system in the facility should be using that to assemble this “front end”
billing information. Short of that, some practices collect electronic information specifically
generated by the anesthesia providers for that purpose. They have equipped each staff member
with a hand-held organizer into which data are entered and then the device is synched with a
departmental computer at the end of the day. If the OR suite has “wi-fi” (wireless electronic
connection), the same function could be accomplished in real time with the providers entering the
requisite information into a miniprogram on a laptop computer affixed to each anesthesia machine
(or one carried by each staff member). Of course, the universal use of hand-helds or laptops could
have significant other benefits to the members of the group/department. Overall, while achieving
full compliance with such a protocol of billing data entry by the group's staff may take significant
in-service education and training, it will only take one reduced or, better, missed paycheck to
achieve full compliance by any given member. Once the information has been secured, a
mechanism must be employed to generate the actual bill and communicate it to the payer (on
paper, on disk, or, usually, directly computer-to-computer: “electronic claims submission”). The
possible precise arrangements for doing this vary widely. Ultimately, the entity actually submitting
the bill will verify that it has been paid (posting of receipts) and may or may not actually handle
the incoming money. Very often, anesthesia practices or individuals who use a billing service will
arrange that the payments go directly to a bank lockbox, which is a post office box (better
individual than shared, even if more expensive) to which the payments come and then go directly
into a bank account. This system avoids the situation of having the people who generate the bill
actually handle the incoming receipts, a practice that has led to theft and fraud in a few cases.
Eventual decisions about how hard to try to collect from payers who deny coverage and then from
patients directly will depend on the circumstances, including local customs.

Detailed summary statistics of the work done by an anesthesiology practice group are critical for
logistic management of personnel, scheduling, and financial analysis. Spreadsheet and database
computer programs customized for an individual practice's characteristics will be invaluable. A
summary of the types of data an anesthesia practice should track is shown in Table 2-5. Once all
the data are assembled and reviewed, at least monthly analysis by a business manager or
equivalent as well as officers/leaders of the practice group can spot trends very early in their
development and allow appropriate correction or planning. Often the responsible members of an
anesthesiology group question how effective their financial services operation is, particularly
regarding net collections. This is a complex issue38 that, again, often requires outside help.
Routine internal audits can be useful but could be self-serving. No billing office or company that is
honest and completely above board should ever object to a client, in this case the anesthesiology



practice group, engaging an independent outside auditor to come in and thoroughly examine both
the efficiency of the operation and also “the books” concerning correctness and completeness of
collections.
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TABLE 2-5 Types of Data an Anesthesiology Group Should Track and Maintain

Concerning Its Own Practice

Types of Data the Anesthesiology Group's Computer System Should Track

Transaction-based system (track each case and charge as separate record)
o Track individual charges by CPT-4 code
o Track individual payments by payer

Track all data elements on an interrelated basis
o By place of service
o By charge, broken down

—by number of units (time and base)

—by ASA modifiers

—by number of lines

By CPT-4 code

By payer

By payment code (full payment, discount, write-off, or refund)

By diagnosis (ICD-9 code)

By surgeon

By anesthesiologist

By anesthesia care team provider

By start and stop times

By age

By gender

By employer

By ZIP code

O 0O 0 0O 0O 0o 0O 0o O o o o

Type of Information to Generate from These Data

Aggregate number of cases per year for the group
Total number of cases per year for each provider within the group
o Number of cases performed by anesthesiologists
o Number of cases performed by the anesthesia care team
Average number of units per case (as one measure of intensity per case)
Average number of units per CPT-4 code
Average time units per case and per CPT-4 code
o Group should be able to calculate time units per individual surgeon
Average line charge per case
Charges per case by CPT-4 code
Payments per case by payer
Patient mix
o Percent traditional indemnity
o Percent managed care (broken down by each MCO for which services are
provided)
o Percent self-pay
o Percent Medicare
o Percent Medicaid
Collection rate for each population served




11. Overall collection rate

12. Costs per unit (total costs, excluding compensation + total units) (costs include
liability insurance, rent, collection costs, and legal and accounting fees)

13. Compensation costs per unit (total compensation + total units) for MCO
populations, utilization patterns by age, gender, and diagnosis

Reprinted with permission from American Society of Anesthesiologists. Managed Care
Reimbursement Mechanisms: A Guide for Anesthesiologists. Park Ridge, IL: ASA; 1994.

Anesthesia billing and collecting are among the most complex challenges in the medical
reimbursement field. Traditional anesthesia reimbursement is unique in all of medicine. The
experience of many people over the years has suggested that it often is well advised to deal with
an entity that is not only very experienced in anesthesia billing, but also does anesthesia billing
exclusively or as a large fraction of its efforts. It is very difficult for an anesthesiologist or a
family member to do billing and collecting as a side activity to a normal life. This has led to
inefficient and inadequate efforts in many cases, illustrating the value of paying a reasonable fee
to a professional who will devote great time and energy to this challenging endeavor.

Antitrust Considerations

Although it is true that there are many potential antitrust implications of business arrangements
involving anesthesiologists—particularly with all the realignments, consolidations, mergers, and
contracts associated with the advent of managed care—it is also true that the applicable statutes
and regulations are poorly understood. Contrary to popular belief, the antitrust laws do not
involve the rights of individuals to engage in business. Rather, the laws are concerned solely with
the preservation of competition within a defined marketplace and the
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rights of the consumer, independent of whether any one vendor or provider of service is involved.
This misunderstanding has been the source of confusion. When an anesthesiologist has been
excluded from a particular hospital's staff or anesthesia group and then sues based on an alleged
antitrust violation, the anesthesiologist loses virtually automatically. This is because there is still
significant competition in the relevant marketplace and competition in that market is not
threatened by the exclusion of one physician from one staff.

In essence, if there are several hospitals offering relatively similar services to an immediate
community (the market), denial of privileges to one physician by one hospital is not
anticompetitive. If, on the other hand, there is only one hospital in a smaller market, then the
same act, the same set of circumstances, could be seen very differently. In that case, there would
be a limitation of competition because the hospital dominates and, in fact, may control the market
for hospital services. Exclusion of one physician, then, would limit access by the consumers to
alternative competing services and hence would likely be judged an antitrust violation.

The Sherman Antitrust Act is a federal law more than 100 years old. Section 1 deals with
contracts, combinations, conspiracy, and restraint of trade. By definition, two or more separate
economic entities must be involved in an agreement that is challenged as illegal for this section to
apply. Section 2 prohibits monopolies or conspiracy to create a monopoly, and it is possible that
this could apply to a single economic entity that has illegally gained domination of a market.
Consideration of possible monopolistic domination of a market involves a situation in which a
single entity controls at least 50% of the business in that market. The stakes are high in that the
antitrust legislation provides for triple damages if a lawsuit is successful. The U.S. Department of



Justice and the Federal Trade Commission are keenly interested in the current rapid evolution in
the health care industry, and thus are actively involved in evaluating situations of possible
antitrust violations. There are two ways to judge violations. Under the per se rule, which is
applied relatively rarely, conduct that is obviously limiting competition in a market is
automatically illegal. The other type of violation is based on the rule of reason, which involves a
careful analysis of the market and the state of competition. The majority of complaints against
physicians are judged by this rule. The more competitors there are in a market, the less likely
that any one act is anticompetitive. In a community with two hospitals, one smaller than the
other, with an anesthesiology group practice exclusively at each, if the larger anesthesiology
practice group buys out and absorbs the smaller, leaving only one group for the only two hospitals
in the community, that may be anticompetitive, particularly if a new anesthesiologist seeks to
practice solo at those hospitals.

Legal Implications

In the current era of rapidly evolving managed care arrangements, the antitrust laws are
important. If physicians (individuals or groups) who normally would be competitors because they
are separate economic entities meet and agree on the prices they will charge or the terms they
will seek in @ managed care contract, that can be anticompetitive, monopolistic, and hence
possibly illegal. Note that sharing a common office and common billing service alone is not enough
to constitute a true group. If, on the other hand, the same physicians join in a true economic
partnership to form a new group (total integration) that is a single economic entity (and meets
certain other criteria) that will set prices and negotiate contracts, that is perfectly legal. The other
criteria are critical. There must be capital investment and also risk sharing (if there is a profit or
loss, it is distributed among the group members)—that is, total integration into a genuine
partnership. This issue is very important
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in considering the drive for new organizations to put together networks of physicians that then
seek contracts with major employers to provide medical care. Sometimes, hospitals or clinics
attempt to form a network comprising all the members of the medical staff so that the resulting
entity can bid globally for total care contracts. Any network is a joint venture of independent
practitioners. If the participating physicians of one specialty in a network are separate economic
entities and the network advertises one price for their services, this would seem to suggest an
antitrust violation (horizontal price fixing). In the past, if a network involved fewer than 20% of
one type of medical specialist in a market, that was called a “safe harbor,” meaning that it was
permissible for nonpartners to get together and negotiate prices. The federal government has
tried to encourage formation of such networks to help reduce health care costs and, as a result,
made some relevant exceptions to the application of these rules. As long as the network is
nonexclusive (other nonnetwork physicians of a given specialty are free to practice in the same
facilities and compete for the same patients), the network can comprise up to 30% of the
physicians of one specialty in @ market. Note specifically that this does not allow a local specialty
society in a big city to serve as a bargaining agent on fees for its members, because it is very
likely that more than 30% of the specialists in an area will be members of the society. The only
real exception to this provision is in thinly populated rural areas where there may be just one
physician network. In such cases (which are, so far, rare because the major managed care and
network activity has occurred mainly in heavily populated urban areas), there is no limit on how
many of one specialty can become network members and have the network negotiate fees, as long
as the network is nonexclusive.

Clearly, these issues are very complex. Relevant legislation, regulations, and court actions all
happen rapidly and often. Mergers among anesthesiology groups in a market area for the purposes
of both efficiency and strength in negotiating fees have been very popular as a response to the
rapidly changing marketplace. A list of questions must be answered to determine if such a merger
would have anticompetitive implications. Although compendia of relevant information are available
to anesthesiologists,3°:40.41 they cannot substitute for expert advice and help.

Obviously, anesthesiologists contemplating a merger or facing any one of a great number of other



situations in the modern health care arena must secure assistance from professional advisors,
usually attorneys, whose job it is to be aware of the most recent developments, how they apply,
and how best to forge agreements in formal contracts. Anesthesiologists hoping to find reputable
advisors can start their search with word-of-mouth referrals from colleagues who have used such
services. Local or state medical societies frequently know of attorneys who specialize in this area.
Finally, the ASA Washington, D.C., office has compiled a state-by-state list of advisors who have
worked successfully with anesthesiologists in the past.

Exclusive Service Contracts

Often, one of the larger issues faced by anesthesiologists seeking to define practice arrangements
concerns the desirability of considering an exclusive contract with a health care facility to provide
anesthesia services. An exclusive contract states that anesthesiologists seeking to practice at a
given facility must be members of the group holding the exclusive contract and, usually, that
members of the group will practice nowhere else. A hospital may want to give an exclusive
contract in return for a guarantee of coverage as part of the contract. Also, the hospital may
believe that such a contract can help ensure the quality of the practitioner because the contract
can contain credentialing and performance criteria. It is important to understand that the hospital
likely will exercise a degree of control over the anesthesiologists with such a contract in force,
such as requiring them to participate as providers in any contracts the hospital makes with third-
party payers and also tying hospital privileges to the existence of the contract (the so-called
“clean sweep provision” that bypasses any due process of the medical staff should the hospital
terminate the contract). Certain of these types of provisions constitute economic credentialing,
which is defined as the use of economic criteria unrelated to the quality of care or professional
competency of physicians in granting or renewing hospital privileges (such as the acceptance of
below-market fees associated with a hospital-negotiated care contract or even requiring financial
contributions in some form to the hospital). The ASA in 1993 issued a statement condemning
economic credentialing.® The anesthesiologists involved may accept such an exclusive services
contract to guarantee that they alone will get the business from the surgeons on staff at that
hospital, and hence the resulting income. There may be other considerations on both sides, and
these have been outlined in extensive relevant ASA publications that also include a sample
contract for information purposes only.37:40 Although many exclusive contracts with anesthesiology
groups are in force, the sentiment, particularly from the ASA, is against them. As has been stated,
it is critical that anesthesiologists faced with important practice management decisions such as
whether to enter into an exclusive contract must seek outside advice and counsel. There are a
great many nuances to these issues,*9:41.42,43 gnd anesthesiologists are at risk attempting to
negotiate such complex matters alone, just as patients would be at risk if a contract attorney
attempted to induce general anesthesia.

Denial of hospital privileges as a result of the existence of an exclusive contract with the
anesthesiologists in place at the facility has been the source of many lawsuits, including the well-
known Louisiana case of Hyde v. Jefferson Parish. In that case, the court found for the defendant
anesthesiologists and the hospital, saying that there was no antitrust violation because there was
no real adverse effect on competition as far as patients were concerned because there were
several other hospitals within the market to which they could go, and therefore they could
exercise their rights to take advantage of competition in the relevant market. Thus, existence of
an exclusive contract only in the rare setting where anticompetitive effects on patients can be
proved might lead to a legitimate antitrust claim by a physician denied privileges. This was proven
true in the more recent Kessel v. Monongalia County General Hospital case in West Virginia in
which an exclusive anesthesiology contract was held illegal. Therefore, again, these arrangements
are by definition complex and fraught with hazard. Accordingly, outside advice and counsel are
always necessary.

Hospital Subsidies

Modern economic realities have forced a significant number of anesthesiology practice groups (in
both private and academic settings) to recognize that their patient care revenue, after overhead is



paid, does not provide sufficient compensation to attract and retain the number and quality of
staff necessary to provide the expected clinical service (and fulfill any other group/department
missions). Attempting to do the same (or more) work with fewer staff may temporarily provide
increased financial compensation. Cutting benefits (discretionary personal professional expenses,
retirement contributions, or even insurance coverage) may also be a component of a response to
inadequate practice revenue. However, the resulting decrements in personal security, in
convenience, and in quality of life as far as acute and chronic fatigue, decreased family and
recreation time, and tension among colleagues fearful someone else is getting a “better deal” will
quickly overcome any brief advantage of a somewhat higher income. Therefore, many practice
groups in such situations are requesting their hospital
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(or other health care facility where they practice) to pay them a direct cash subsidy that is used
to augment practice revenue to maintain benefits and amenities while increasing the pay of staff
members, hopefully to a market-competitive level that will promote recruitment and retention of
group members.

Obviously, requests by a practice group for a direct subsidy must be thoroughly justified to the
facility administration receiving the petition. The group's business operation should already have
been examined carefully for any possible defects or means to enhance revenue generation.
Explanation of the general trend of declining reimbursements for anesthesia services should be
carefully documented. Facts and figures on that and also the shortage of anesthesia providers can
be obtained from journal articles and ASA publications, particularly the Newsletter. Demand for
anesthesia coverage for the surgical schedule is a key component of this proposal. Scheduling and
utilization, particularly if early-morning staffing is required for many operating rooms that are
routinely unused later during the traditional work day, is a major issue to be understood and
presented. Any other OR inefficiencies created by hospital support staff and previous efforts to
deal with them should also be highlighted. Unfavorable payer mix impact of contracts and
programs initiated by the hospital also often is a major factor in situations of inadequate practice
revenue. Always, the group's good will with the surgeons and the community in general should be
emphasized, as well as of the indirect or “behind the scenes” services and benefits the
anesthesiology group provides to the hospital.

Clearly, any request for a subsidy must be reasonable. An overly aggressive effort beyond the
bounds of logic could provoke the facility to consider alternative arrangements, even up to the
point of putting out a request for proposal from other anesthesiology practice groups. Therefore,
thoughtful calculations are required and a careful balance must be sought, seeking enough
financial support to supplement practice revenues so that members' compensation is competitive
but not so much as to be excessive. Supporting statements about offers and potential earnings
elsewhere must be completely honest and not exaggerated or credibility and good faith will be
lost. Further, part of any agreement will be the full sharing of the group's detailed financial
information with the facility administration, both at the time of the request and on an ongoing
basis if the payment is more than a one-time “bail out.” Plans for review and renewal should be
made once a subsidy is paid.

Any subsidy will likely require a formal contract. There may be concern about malpractice liability
implications for the hospital even though the practice group stays an independent entity as
before. There may be “inurement” or “private benefit” concerns that could be perceived as a
threat to the tax-exempt status of a nonprofit hospital. Lack of understanding of the applicable
laws may lead to fears that a subsidy could be an illegal “kickback” or a violation of the Stark II
self-referral prohibition. As is almost always the case, expert outside professional consultant
advice, usually from an attorney who specializes exclusively in health care finance contracting, is
mandatory in such circumstances. The ASA Washington, D.C., office maintains lists of consultants
who have helped other anesthesiologists or groups in the past on various subjects and, also, the
ASA has some basic information on subsidies to anesthesiology practice groups.444>

Managed Care and New Practice Arrangements
o As noted, managed care systems for health care delivery fundamentally exist as a mechanism



to control and then reduce health care costs by having independent reviewers and decision makers
who are not the physicians rendering the care limit the health care services delivered to large
groups of patients. These ideas represent a huge change for American physicians. For a time,
these changes appeared inescapable, not necessarily because of government initiatives, but
because of marketplace forces that result from the business community and government entities
simply refusing to continue to pay ever-increasing sums for health care. However, there was a
dramatic public backlash against the limitations on medical care services, so much so that several
states passed laws outlining for certain circumstances what MCOs must pay for. This led to
decreased expansion of managed care and to some easing of the restrictions on services in many
plans. The overall impact was to slow (but not stop) the adoption of rigidly managed health care
and to rekindle anew many of the concerns about how to structure and fund the health care
system in this country. Some MCOs were forced to retool their operations and some went out of
business entirely. However, many continued operations, albeit more quietly. The degree of
penetration of managed care into market areas around the country has been highly variable. Areas
such as Minneapolis, San Diego, San Francisco, eastern Massachusetts, and several other northern
cities were the first to become mature managed care markets with a significant majority of the
population enrolled in one or another managed care health plan. Other parts of the country with
very sparsely populated areas such as sections of the Deep South and the West were not much
affected because the population density was insufficient to support MCO requirements. An MCO
attempts to secure health care provision contracts with employers who provide health plan
coverage for their workers and with government agencies (e.g., Medicaid) responsible for the
health care of large populations. Each worker or covered head of a household may have
dependents covered by the plan. Each person covered in the plan is referred to as a covered life.
An MCO probably needs contracts for at least 10,000 covered lives and preferably many more to
make a legitimate entry into the marketplace. The MCO then enrolls physicians or physician
groups and hospitals as providers and contracts to send its enrolled patients (the covered lives) to
the health care providers under contract. The central issue is finances. The MCO seeks to enroll
covered lives by offering the lowest prices possible. In turn, it seeks to contract with providers
(individuals and facilities) for the lowest possible fees for medical care in return for sending large
volumes of patient business to those providers.

In the initial stages of the evolution of a
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managed care marketplace, the MCOs usually seek contracts with providers based on discounted
fee-for-service arrangements. This preserves the basic traditional idea of production-based
physician reimbursement (do more, bill more) but the price of each act of services is lower (the
providers are induced to give deep discounts with the promise of significant volumes of patients)
and, also, the MCO gatekeeper primary care physicians and the MCO reviewers are strongly
encouraged to limit complex and costly services as much as possible. There are other features
intermittently along the way, such as global fees and negotiated fee schedules (agreed-upon
single prices for individual procedures, independent of length or complexity). Further, another
element is introduced to encourage the providers, both gatekeepers and specialists, to reduce
costs. In an application of the concept of risk-sharing (spend too much for patient care and lose
income), this usually is initially manifest in the form of “withholds,” the practice of the MCO
holding back a fraction of the agreed-upon payment to the providers (e.g., 10 or 15%) and
keeping this money until the end of the fiscal year. At that time, if there is any money left in the
risk pool or withhold account after all the (partial) provider fees and MCO expenses are paid, it is
distributed to the providers in proportion to their degree of participation during the year. This is a
clever and powerful incentive to providers to reduce health care expenses. It is not as powerful as
the stage of full risk sharing, however. As the managed care marketplace matures and MCOs grow
and succeed, the existing organizations and, especially, any new ones, shift to prospective
capitated payments for providers.

Prospective Payments

This eventual reimbursement arrangement constitutes an entirely new world to the providers,
involving prospective capitated payments for large populations of patients, in which each group of



providers in the MCO receives a fixed amount per enrolled covered life per month (PMPM) and
agrees, except in the most unusual circumstances, to provide whatever care is needed by that
population for that prospective payment. The most unusual circumstances involve “carve-out”
arrangements in which specific very costly and unusual conditions or procedures (such as the birth
of a child with disastrous multiple congenital anomalies) are covered separately on a discounted
fee-for-service basis. With full capitation, the entire financial underpinning of American medical
care does a complete about-face from the traditional rewards for giving more care and doing more
procedures to new rewards for giving and doing less. Some managed care contracts contain other
features intended to protect the providers against unexpected overutilization by patients that
would stretch the providers beyond the bounds of the original contract with the MCO. The
provisions setting the boundaries are called “risk corridors,” and the “stop-loss clauses” add some
discounted fee-for-service payment for the excess care beyond the risk corridor (capitated
contract limit). Providers who were used to getting paid more for doing more suddenly find
themselves getting paid a fixed amount no matter how much or how little they do with regard to a
specified population—hence the perceived incentive to do, and consequently spend, less. If the
providers render too much care within the defined boundary of the contract, they essentially will
be working for free, the ultimate in risk-sharing. There are clearly potential internal conflicts in
such a system,%® and how patients reacted initially to this radical change in attitude on the part of
physicians demonstrated that this overall mechanism is unlikely to be readily embraced by the
general public. This has forced some “return to the drawing board” thinking and it is not clear how
fully managed care as it was originally constituted will evolve. What is clear is that nothing is
settled and there will be ongoing debate about and experimentation in the American health care
system.

Health care providers (physicians, health care workers, and facilities), in turn, allied themselves in
a wide variety of organizations to create strength and desirable resources to present to the MCOs
in contract negotiations. Some of these alliances were formed very quickly, almost in a panic,
because of fears by providers that they might get left out of the managed care marketplace and
thus deprived of major sources of income or, someday, any income at all. Management service
organizations (MSOs) are joint venture network arrangements that do not involve true economic
integration among the practitioners, but merely offer common services to physicians who may, as
a loosely organized informal group, elect to seek MCO contracts. Preferred provider organizations
(PPOs) are network arrangements of otherwise economically independent physicians who form a
new corporate entity to seek managed care contracts in which there are significant financial
incentives to patients to use the network providers and financial penalties for going to out-of-
network providers. This has proved a relatively popular model and appears to be gaining wide
acceptance. Physician-hospital organizations (PHOs) are similar entities but involve
understandings between groups of physicians and a hospital so that a large package or bundle of
services can be constructed as essentially one-stop points of care. Independent practice
associations (IPAs) are like PPOs but are specifically oriented toward capitated contracts for
covered lives with significant risk-sharing by the providers. Groups (or clinics) without walls are
collections of practitioners who fully integrate economically into a single fiscal entity (true
partnership) and then compete for MCO contracts on the basis of risk-sharing incentives among
the partners. Fully integrated groups or health maintenance organizations (HMOs) house the group
of partner provider physicians and associated support staff at a single location for the convenience
of patients, a big selling point when they seek MCO contracts.

Changing Paradigm

The questions anesthesiologists face when addressing this alphabet soup of organizations are
many and complex, even more complex than those faced by office-based primary care or specialty
physicians, because of the interdependent relationships with health care facilities as practice
locations and with surgeons. The era of solo independent practitioners may be ending in some
locations where MCOs dominate. Small groups of anesthesiologists may find themselves at a
competitive disadvantage unless they become part of a vertically integrated (multispecialty) or
horizontally integrated (with other anesthesiologists) organization. An extensive compendium of
relevant information has been prepared by the ASA.3° Because it appears likely that many



anesthesiologists in the United States will be affected by managed care, the information in this
and related publications®’ is very important. Negotiations with MCOs require expert advice,
probably even more so than even the traditional exclusive contracts with hospitals noted earlier.
Before any negotiation can even be considered, the MCO must provide significant amounts of
information about the covered patient population. The projected health care utilization pattern of
a large group of white-collar workers (and their families) from major upscale employers in an
urban area will be quite different from that of a rural Medicaid population. Specific demographics
and past utilization histories are absolutely mandatory for each proposed population to be
covered, and this information should go directly to the advising experts for evaluation, whether
the proposed negotiation is for discounted fee-for-service, a fee schedule, global bundled fees, or
full capitation.

A component of the shifting thinking in the 1990s was consideration of “value-based anesthesia
practice,”? an attempt to balance reasonably the relationship of the cost of care and ultimate
patient outcomes (with a very strong emphasis on controlling costs). Elaborate modeling was
employed to attempt to calculate applicable cost-benefit ratios and thus define the point on a
hypothetical curve of care at which the least resource investment would yield the highest quality.
A systems approach was carefully applied to attempt to define and track the component elements
of both cost and outcome, which would lead to models of the larger concepts of value and quality.
Understanding effectiveness and efficiency of the involved processes was essential. Quantifiable
outcomes and costs were compared to national benchmarks found in the literature or from
surveys. The ultimate goal was application of outcome data to the management (reduction) of
costs. Medication choice and utilization by anesthesiologists was a frequently cited example of the
potential beneficial application of the tenets of value-based anesthesia practice. Attempts to apply
this type of analysis to overall anesthesia morbidity and mortality were complicated by the
(fortunate) extreme rarity of significant adverse outcomes and the difficulty of calculating the
associated actual incrementally increased costs, as well as of definitively identifying remediable
causes that could be prevented through system change. Attempts to assess the relative value of
different anesthetic techniques (e.g., regional vs. general) for specific surgical procedures were
complicated by problems discovering the true cost of different scenarios. Analysis of the cost of
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monitoring revealed the difficulty of determining the total costs saved or incurred by, for example,
the insertion of a TEE in a specific patient, and, further, the belief that pulse oximetry has never
been “statistically proven” to influence anesthesia outcome provoked questions about its cost and
“value” in direct conflict with the fact that it is a universal standard of care. Overall, because
“hard number” data readily amenable to rigorous statistical analysis for both the actual costs and
the outcomes of anesthesia care have been very difficult, if not impossible, to generate, the
widespread applicability of this approach in everyday anesthesia practice remains to be developed.

Significant questions were raised about the reimbursement implications for anesthesiologists of
the putative managed care revolution. Again, the ASA assembled a great deal of relevant
information, the understanding of which is essential to successful negotiations.3° Table 2-5 has a
list of information an anesthesia practice should have about its activities. Initial consideration of a
capitated contract should involve an attempt to take all the data about the existing practice and
the proposed MCO-covered population from a “capitation checklist”3° and translate back from the
proposed capitated rate to income figures that would correlate with the existing practice structure,
to allow a comparison and an understanding of the relationship of the projected work in the
contract to the projected income from it. It is, of course, impossible to suggest dollar values for
capitated rates for anesthesiology care because details and conditions vary so widely. One ASA
publication3® used examples, purely for illustrative purposes, involving $2.50 or $4.00 PMPM, but
there were unconfirmed reports at the peak of the managed care activities of capitated rates as
low as $0.75 PMPM for anesthesiology. Discounted fee-for-service arrangements are easier for
anesthesiologists to understand because these are directly referable to existing fee structures.
Reports of groups instituting 10 to 50% discounts off the starting point of 80% of usual and
customary reimbursement in various practice circumstances were circulated at national meetings
of anesthesiologists. Were rigidly controlled fully mature managed care to dominate the practice
community, it would be likely that the average income for anesthesiologists would decrease from



past levels. However, it likely also would be true that anesthesiologists would continue to have
incomes still above average among all physicians in that market.

Health Insurance Portability and Accountability Act (HIPAA)

All health care professionals in active practice were aware of the April 2003 implementation of the
Privacy Rule of the Health Insurance Portability and Accountability Act of 1996 (HIPAA), because
of the required significant changes in how medical records and patient information are handled in
the day-to-day delivery of health care. The impact on and requirements for anesthesiologists are
summarized in a comprehensive publication from the ASA4® that followed two educational
summaries.49:30

Attention is focused on “protected health information” (identifiable as from a specific patient by
name). Patients must be notified of their privacy rights. Usually this will be covered by the health
care facility in which anesthesiologists work, but if separate private records are maintained,
separate notification may be necessary. Privacy policies must be created, adopted, and
promulgated to all practitioners, all of whom then must be trained in application of those policies.
Often, anesthesiology groups can combine with the facilities in which they practice as an
“organized health care arrangement” so that the anesthesia practitioners can be covered in part
by the HIPAA compliance activities of the facility. A “privacy officer” must be appointed for the
practice group. Finally, and most importantly, medical records containing protected health
information must be secured so they are not readily available to those who do not need them to
render care.

One of the most obvious applications for many anesthesiologists is concern about the assembled
preoperative information and charts for tomorrow's cases that frequently were placed prominently
in the OR holding area at the end of one work day in readiness for the next day's cases. HIPAA
provisions require that all that patient information be locked away overnight. Another classic
example is what many ORs refer to as “the board.” Often, a large white marker board occupies a
prominent wall near the front desk of an operating room suite and the rooms, cases, and
personnel assignments are inscribed thereon at the beginning of the day and modified or crossed
off as the day progresses. Under HIPAA, patients' names may not be used on such a board if there
is any chance that anyone not directly involved in their care could see them. The same is true for
similar boards in holding areas and PACUs. Many anesthesiology practices also must apply HIPAA
provisions to their billing operations; the details will vary depending on the mechanisms used and
a great deal will depend on which type of electronic claims submission software is being used by
the billing entity actually submitting the claims.>! Telephone calls and faxes into offices must be
handled specially if containing identifiable patient information. Presentation of patient information
for quality assurance or teaching purposes must be free of all identifiers unless specific individual
permission has been obtained on prescribed printed forms. Requests for patient information from a
wide variety of outside entities, including insurance companies and collection agencies, must be
processed in HIPAA-compliant ways. HIPAA policy and actions, as well as enforcement activities,
are being developed over time and as situations develop. Particularly because this system depends
on patient complaints for both enforcement and policy evolution, it is likely that it will be at least
several years until a well-accepted smoothly functioning system is established.

Expansion into Perioperative Medicine, Hospital Care, and
Hyperbaric Medicine

As the role of the anesthesiologist changes, new opportunities should be explored. One set of
ideas that has been circulating for some time led to serious suggestions that the name of the
profession of anesthesiology be changed to “perioperative medicine and pain management.” This
suggestion illustrates that one prospective significant anesthesiology practice management
strategy can be more formal organization of responsibilities for patients in the pre- and
postoperative periods.

Some anesthesiologists now function at least some of the time in preoperative screening clinics
because of the great fraction care of OR patients who do not spend the night before surgery in the



hospital or who do not come to a hospital at all. In such settings, these anesthesiologists
frequently assume a role analogous to that of a primary care physician, planning and executing a
workup of one or more significant medical or surgical problems before the patient can reasonably
be expected to undergo surgery. More formalized arrangements of this type would involve the
creation of designated perioperative clinics operated and staffed by anesthesiologists.
Ophthalmologists and orthopedists, for example, would no longer need to try to manage their
surgical patients' medical problems themselves or send their patients proposed for surgery to an
internist or other primary care provider for “preop clearance” that often has little value in a
complex patient facing specific anesthesia challenges that only an experienced anesthesiologist
would, by definition, understand. The anesthesiologist would
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assume that role at the same time the patient is undergoing preoperative evaluation for
anesthesia care.

Likewise, this concept would be excellent for the postoperative period. An anesthesiologist,
completely free of OR or other duties, could not only make at least twice-daily rounds on patients
after surgery and provide exceedingly comprehensive pain management service, but also could
follow the surgical progress and make virtually continuous reports (likely via an electronic medical
record or e-mail) to the surgeon's office or alphanumeric pocket communicator. Surgeons would
have a much better handle on their patients' progress while having more time to tend to other
new patients in the office or the OR. The utilization review and “fast-track protocol” administrators
would have a contact person who is not tied up in an OR or office continuously available. Patients
would receive much more physician attention and perceive this as actually a significant
improvement in their care. Equivalent outpatient or recuperative center services could easily be
established. In this regard, some anesthesiologists function as hospitalists for the care of both
surgical and medical patients. A fundamental aspect of the practice of anesthesiology is the
management of acute problems in the hospital setting. It is logical that anesthesiologists would be
among the physicians best suited to provide primary care for patients in the hospital setting.
Although the comfort level of anesthesiologists varies in the fields of internal medicine and
pediatrics, it is likely that this trend will continue among those anesthesiologists interested and
competent in hospital care.

Finally, anesthesiologists have become increasingly involved in the practice of hyperbaric medicine
and wound care. This is likely related to the familiarity of anesthesiologists with concepts of gas
laws and physics, along with their constant presence in the hospital. The treatment of various
medical conditions by the application of oxygen under increased pressure, usually 2 to 3
atmospheres absolute, at one time was one of the most rapidly growing hospital services.
Anesthesiologists are among the leaders of this field, with unlimited opportunities for clinical care,
teaching, and research. Even a brief discussion of this field is outside the scope of this chapter
and interested readers are referred to the Undersea and Hyperbaric Medical Society,
http://www.uhms.org.

Creative exploration of new opportunities involving these and other ideas will open new avenues
for anesthesiology (or whatever the specialty is eventually called) practice.

OPERATING ROOM MANAGEMENT

The role of anesthesiologists in OR management has changed dramatically in the past few

years. While not that long ago, most anesthesiologists avoided any responsibilities of
administrative duties (contributing significantly to a potentially negative professional image, as
noted earlier), more recently many anesthesia practices have pleaded for an expanded role in OR
management, both to promote efficiency and also to protect their interests. With the current
climate of a considerable shortage of anesthesia providers, hospitals subsidizing many
anesthesiology group practices, and an increasing workload, participation in OR management is
essentially mandatory. The profession needs to move beyond exclusive attention to what is and
always will be the mainstay of our practice, the administration of anesthetics for surgery. The
current emphasis on cost containment and efficiency will force anesthesiologists to take an active
role in eliminating many dysfunctional aspects of OR practice that were previously ignored. First-



case morning start times have changed from a suggestion to a mandate. Delays of any sort are
now carefully scrutinized to eliminate waste and inefficiency. While a helpful cooperative approach
from the anesthesiologists may have sufficed in the past, today's anesthesiologists should take an
extremely active role in OR management. Real life has demonstrated and management courses
teach that strong leadership is necessary for any group to achieve their stated goals.
Anesthesiologists should adopt a leading role among the other constituent personnel in the OR
team. Together, anesthesiologists, surgeons, OR nurses and technicians, and, increasingly,
professional administrators/managers need to determine who is best qualified to be a leader in the
day-to-day management of the operating room. Clearly, different groups have different
perspectives. However, anesthesiologists are in the best position to see the “big picture,” both
overall and on any given day. Surgeons are commonly elsewhere before and after their individual
cases; nurses and administrators may lack the medical knowledge to make appropriate, timely
decisions, often “on the fly.” It is the anesthesiologist with the insight, overview, and unique
perspective who is best qualified to provide leadership in an OR community. Anesthesiologists
must step forward and aggressively seek involvement at the highest level possible in the OR at
which they practice. The subsequent recognition and appreciation from the other groups
(especially hospital administration) will clearly establish the anesthesiologists as concerned
physicians genuinely interested in the welfare of the OR and the institution. Failure to be involved
in any leadership role not only negates the desired image of anesthesiologists as concerned
physicians, but also may result in a loss of autonomy in practice or a loss of support from the
other groups in the OR and the institution overall.

By nature, an OR is a society unto itself with its various constituent groups, interdepartmental
dynamics, and uniquely high levels of stress all defining the ebb and flow of the workplace. The
essential groups: anesthesia providers, surgeons, OR staff (usually comprising nursing, scrub
technicians and other support personnel), hospital administrators and/or professional managers
need to develop a working relationship to survive. As diverse as the priorities of these various
groups seem, it is imperative that these groups move beyond simple cooperation and construct a
friendly efficient work environment that provides high-quality patient care. Because the spectrum
of operating rooms varies significantly from the largest regional teaching hospital to the smallest
freestanding ambulatory care center, it is difficult to provide anything but the broadest of
guidelines for OR management. However, despite each facility's distinct characteristics, many of
these principles can be implemented at virtually all institutions.

Organization

Traditionally (although exceptions may be increasing), in virtually every OR setting, neither the
anesthesia providers nor the surgeons have been employees of the institution housing the OR.
Rarely did either group/service report to a central authority. Even when one or both constituents
were employees, they reported through their respective chiefs/chairmen to the chief of the
medical staff, not to a hospital administration. Consequently, a natural division existed between
the hospital (OR) staff and the physicians practicing there. Anesthesia providers were commonly
thrust into a position of being the arbitrator between the surgeons and the OR staff, balancing
what both those parties considered reasonable, desirable, and possible.

The symbiotic relationship between anesthesia providers and surgeons remains unchanged. Both
groups recognize this fact and also the common goal of having the operating room function in a
safe, expeditious manner. The age-old question "Who is in charge of the Operating Room?” still
confronts most hospitals/institutions. Because some anesthesia groups are
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subsidized by the hospital, the OR organization in such cases has changed accordingly. Many
hospital administrators want to have input regarding "Who's in charge of the OR?” with an eye to
increasing efficiency and throughput while reducing cost. Their wishes have an even added
significance when more of their dollars are involved through the anesthesiology group subsidy.
Sometimes there can be no real answer to "Who's in charge?” because of the complexity of the
interpersonal relationships in the OR. Some institutions have a professional manager (often a
former OR RN) whose sole job is to organize and run the OR. This individual may be vested with



enough authority to be recognized by all as the person in charge. Other institutions ostensibly
have a "medical director of the OR.” However, the implications to the surgeons that an
anesthesiologist is in charge, or vice versa, have caused many institutions to abandon the title or
retain the position but assign no authority to it. In such instances, institutions usually resolve
disputes through some authority with a physician's perspective. If there is no medical director
with authority to make decisions stick, central authority usually resides with the Operating Room
Committee, most often populated by physicians, senior nurses, and administrators. Every
operating room has this forum for major policy and fiscal decisions. As part of committee function,
the standard practices of negotiation, diplomacy, and lobbying for votes are regularly carried out.
The impact of such an OR committee varies widely among institutions.

Despite the constantly changing dynamics of the OR management and the frequent major
frustrations, anesthesiologists should pursue a greater role in day-to-day management in every
possible applicable practice setting. An anesthesiologist who is capable of facilitating the start of
cases with minimal delays and solving problems “on the fly” as they arise will be in an excellent
position to serve his or her department. Succeeding in this role will have a dramatic positive
impact on all the OR constituents. The surgeons will be less concerned about "Who's in charge?”
because their cases are getting done. The hospital administration will welcome the effort because
they want something extra in return for any money they are now giving to the anesthesiology
groups as a subsidy. Furthermore, the OR Committee (or whatever system for dispute resolution is
in place) is still functional and has not been circumvented (and will be thankful for the absence of
disputes needing resolution).

Some institutions use the term “clinical director of the OR.” The person awarded this designation
should be a senior-level individual with firsthand knowledge of the OR environment and function.
Anesthesiologists have a better understanding of the perioperative process. They possess the
medical knowledge to make appropriate decisions. Their intimate association with surgeons and
their patients allows them to best allocate resources. According to a survey conducted by the
American Association of Clinical Directors (AACD) in 2002, 71% of the respondents reported that
an anesthesiologist was designated as the clinical director of the OR.>?

Those in lines of authority must possess the corresponding responsibility. Who has power over
who will determine a great deal about the function of an individual OR. A classic example involves
pefusionists for cardiac surgery. In some circumstances, they are employed by the hospital; in
others, by the cardiac surgeons; in a few, by the anesthesia group; and some are independent
contractors. The organizational logistics of each of the above scenarios need to fulfill the standard
functions regarding call, work shifts, policy and procedure for cardiac bypass operations,
equipment purchasing, and so forth. Each institution develops its own method for dealing with
these issues. Sometimes the system utilized falters and one of the constituents out of power
offers to step in (or just seizes control) to rectify the deteriorated situation. Then the process
begins anew, under new management. These changes are frequently viewed as healthy for the
perfusionists in that previous unresolved issues can be settled (including often a pay raise). The
OR that has no such cyclical changes because a very strong central authority prevents them is
commonly an unappealing place to work. Problems get brushed aside or ignored until they seem to
explode with vengeance onto the scene. The nature of surgery and working in an operating room
creates significant stress on the people employed there. This fact remains underappreciated by the
outside world but also becomes commonplace for those who work there because the stress is
constant and therefore routine. Until an individual steps aside and reflects for a moment, he or
she may never realize the odd nature of their workplace and changes they've been through.
Because of this burnout-prone, high-stress environment, those in charge need to be
understanding, sympathetic, facilitative, and often somewhat parental to all involved. The
resulting collegial and supportive work environment will pay many dividends over the long run for
all involved.

Other aspects that involve lines of authority also impact the daily function of the OR. Almost
always, the OR staff are employees of the hospital/facility. Frequently, the hospital is perceived as
being primarily concerned with containing cost and generating more revenue regardless of the
situation. From a purely business perspective, paying overtime is more cost efficient than hiring



additional staff to open more operating rooms at 7 AM. This fact often works against the desires of
surgeons and anesthesiologists who want more flexibility in their scheduling ability. The topic of
adequate nursing and technical support personnel and function frequently dominates many OR
committees. The anesthesiologist, whether clinical director or not, who has established his or her
reputation as one who has the operating room's best interest in mind is in a good position to help
resolve these disputes. Gone are the days when many anesthesia groups/departments have
surplus funds to hire additional anesthesia technicians from their budget to help the hospital,
demonstrating team spirit, promoting efficiency, and thus ensuring a healthy working relationship
with administration. Sometimes, still, surgeons who feel constrained by the lack of institutional
support may be able to get together and fund positions (usually dedicated scrub technicians) from
their practice income. Regardless of the source of the problem, or its ultimate solution, it remains
imperative that all members of the OR “family,” led by the responsible anesthesiologists, practice
a spirit of cooperation.

Contact and Communication

An important issue for the anesthesia providers in any OR setting is who among the group will be
the contact person to interact with the OR and its related administrative functions. In situations
where everyone is an independent contractor, there may be a titular chief who by design is the
contact person. The anesthesiologist in this role commonly changes yearly to spread the duties
among all the members. Large groups or departments that function as the sole providing entity for
that hospital/facility often identify an individual as the contact person to act as the voice for the
department. Furthermore, these same groups delineate someone on a daily basis to be the clinical
director, or the person “running the board.” Frequently, this position is best filled by one of a
small dedicated fraction of the group (three people, for example) rather than rotating the
responsibility among every member of the group. Experienced “board runners” have an
instinctually derived better perspective on the nuances of managing the operating schedule in real
time. Certain procedures may require specific training (e.g., TEE skills) that not all members of
the group possess. Clearly, changes sometimes have to be made to match the ability of the
anesthesia provider and the requirements of the procedure when urgent or emergent cases are
posted. Another benefit of a very small number of daily clinical directors is a
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relative consistency in the application of OR policies, particularly in relationship to the scheduling
of cases, especially add-ons. One of the most frustrating aspects to both surgeons and OR
personnel is unpredictability and inconsistency in the decisions made by the anesthesia
group/department members. A patient deemed unacceptable for surgery by anesthesiologist X on
Monday may be perfectly acceptable, in the same medical condition, for anesthesiologist Y on
Tuesday. Disagreements are inevitable in any large group. However, day-to-day OR function may
be hampered by a large number of these types of circumstances. Having one member of a very
small group in charge will lead to more consistency in this process, especially if the “board
runner/clinical director” has the authority to switch personnel to accommodate the situation.
Without stifling individual practices, philosophies, and comfort levels, a certain amount of
consistency applied to similar clinical scenarios will improve OR function immeasurably. These few
dedicated directors should be able to accomplish both goals better than a large rotating group.

Another important aspect of OR organization is materials management. The availability of the
required supplies for the safe administration of anesthesia needs to be maintained at all times.
Usually, the institutional component of the anesthesia service staffs and maintains a location
containing the specific supplies unique to the practice of anesthesia (“the workroom”). Objectives
necessary for efficient materials management include the standardization of equipment, drugs,
and supplies. Avoidance of duplication, volume purchasing, and inventory reduction are also
worthwhile. There needs to be coordination with the OR staff as to who is responsible for
acquisition of routine hospital supplies such as syringes, needles, tubing, and intravenous fluids.
Decisions as to which brands of which supplies to purchase ideally should be made as a group.
Often, when several companies compete against each other in an open market, lower prices are
negotiable. These negotiations may occur between the anesthesia providers and the hospital
administration, or by the physician components of the OR Committee. In many cases, however,



hospitals belong to large buying groups that determine what brands and models of equipment and
supplies will be available, with no exceptions possible except at greatly increased cost.
Sometimes, this is false economy if the provided items are inferior (cheap) or annoying and, for
example, if it routinely takes opening three or four IV cannulae in the process of starting a preop
IV as opposed to the higher quality and reliable single one that may cost more per cannula but is
less expensive overall because so many fewer will be used. Dispassionate presentation of such
logic by a respected “team-player” senior anesthesiologist to the OR Committee or director of
materials management may help resolve such conundrums.

Scheduling Cases

Anesthesiologists need to participate in the OR scheduling process at their facility or institution.
In some facilities the scheduling office and the associated clerical personnel work under the
anesthesia group. Commonly, scheduling falls under the OR staff's responsibility. Direct control of
the schedule usually resides with the OR supervisor or charge person, frequently a nurse.
Whatever the arrangements, the anesthesia group must have a direct line of communication with
the scheduling system. The necessary number of anesthesia providers that must be supplied often
changes on a daily basis per the caseload and sometimes due to institutional policy decisions.
After-hours calls must be arranged, policy changes factored in, and additions/subtractions to the
surgical load (day to day, week to week, and long term as surgical practices come and go in that
OR) dealt with as well. These issues are important even when all the anesthesia providers are
independently contracted and are not affiliated with each other. In such situations, the titular
chief of anesthesia should be the one to act as the link to the scheduling system. When the
anesthesia group/department functions as a single entity, the chairman/chief, clinical director, or
appointed spokesperson will be the individual who represents his or her group at meetings where
scheduling decisions are made in conjunction with the OR supervisors, surgeons, and hospital
administrators.

There are as many different ways to create scheduling policies as there are operating room suites.
Most hospitals/facilities follow patterns established over the years. Despite all the efforts directed
toward its creation, the OR schedule, both weekly time allotments and day-to-day scheduling of
specific cases, remains one of the most contentious subjects for the Operating Room Committee or
whatever body presides over the operating room. Recognizing the fact that it is impossible to
satisfy completely even a moderate percentage of the surgeons involved, the anesthesia group
should endeavor to facilitate the process as much as possible. Initially, anesthesiologists need to
be sympathetic toward all the surgeons' desires/demands (stated or implied) and attempt to
coordinate these requests with the institution's ability to provide rooms, equipment, and staff.
Second, the anesthesia group should make every possible effort to provide enough anesthesia
services and personnel to meet realistically the goals of the institution. In light of the current
shortage of anesthesia providers in this country, these efforts need to be made with a great deal
of open communication among all contingencies of the OR Committee as well as every member of
the anesthesia group. Failure to do so will result in hard feelings, misunderstandings, and
resignations among the anesthesia providers. “After all,” they may claim, “the hospital across
town will pay me more money for fewer hours!”

Regarding scheduling, surgeons essentially fall into one of three groups. One group wants to
operate any time they can get their cases scheduled. This group wants the operating room open
24/7 and doesn't understand why they can't do their case whenever they want to. Another larger
group wants “first case of the day” as often as possible so they can get to their offices. A smaller
third group wants either the first time slot or an opening following that time slot, a several-hour
hiatus, then to return to the OR after office hours to complete additional cases; usually starting
after 5 PM. Clearly a compromise among these disparate constituencies must be reached.
Obviously, none of these groups can be completely satisfied at the same institution.
Anesthesiologists who approach the OR Committee regarding this dilemma with a
nonconfrontational attitude will greatly facilitate agreement on a compromise. There will always be
a certain amount of both overt and covert politicking by surgeons regarding scheduling.



Types of Schedules

The majority of operating rooms utilize either block scheduling (preassigned guaranteed OR time
for a surgeon or surgical service to schedule cases prior to an agreed upon cutoff time, e.g., 24 or
48 hours before) or open scheduling (first come, first serve). Most large institutions have a
combination of both. Block scheduling inherently contains several advantageous aspects for
creating a schedule. Block scheduling allows for more predictability in the daily OR function as
well as an easy review of utilization of allotted time. Historic utilization data should be reviewed
with surgeons, OR staff, and the OR Committee to determine its validity. Many operating suites
have found it useful to assemble rather comprehensive statistics about what occurs in each OR.
Some computerized scheduling systems (see below) are part of a larger computerized
perioperative information management system that automatically generates statistics. Graphic
examples are 13-month “statistical control charts” or
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“run charts” that show the number of cases, number of OR minutes used for those cases (and
when: in block, exceeding block, evenings, nights, weekends, etc.), number of cancellations (and
multiple other related parameters if desired) by service, by individual surgeon, and total for the
current month and the 12 prior months, always with “control limits” (usually two standard
deviations from the 13-month moving average) clearly indicated. All these data are valuable in
that they generate a clear picture of what is actually going on in the OR rather than just listening
to surgeons claim they are busier than ever or supervisors claim they have staff who sit around
idle half the day. It is also extremely valuable in that block time allocation should be reviewed
periodically and adjusted based on changes, degree of utilization, and projected needs. Inflexible
block time scheduling can create a major point of contention if the assigned blocks are not
regularly reevaluated. The surgeon or surgical service with the early starting block that habitually
runs beyond his or her block time will create problems for the following cases. If this surgeon
were made to schedule into the later block on a rotating basis, delays in his or her start caused by
others may provoke improved accuracy of his or her subsequent early case postings. Adjustments
in availability of block time can also be made in the setting of the “release time,” the time prior to
the operative date that a given block is declared not full and becomes available for open
scheduling. Surgeons prefer as late a release time as possible to maintain their access to their OR
block time. However, unused reserved block time wastes resources and prevents another service
from scheduling. While a single “release time” rarely fits all circumstances, negotiating service-
specific “release times” may lead to improved satisfaction for all. In the ideal system, enough OR
time and equipment should exist to provide for each surgical service's genuine needs, while
retaining the ability to add to the schedule (via open scheduling) as needed. Such an environment
does not exist. Invariably, surgical demand exceeds available block and open time, leading
services to request additional block time. When this time is not granted, services perversely then
schedule procedures in open time before filling their block time. Surgeons who prefer open time
would then be shut out of OR time. Open scheduling may reward those surgeons who run an
efficient service, but it also may be a source of problems to those surgeons who have a significant
portion of their service arrive unscheduled, for example, orthopedic surgeons. Some degree of
flexibility will be necessary whichever system is used. The anesthesia group should adopt a
neutral position in these discussions while being realistic about what can be accomplished given
the number of operating rooms and the length of the normal operating day.

The handling of the urgent/emergent case posting precipitates a great deal of discussion in most
OR environments. There are as many methods to handle this dilemma as there are institutions
that provide emergency services. No studies allow determination of exactly what rate of OR
utilization is the most cost-effective. However, many institutions subscribe to the following
parameters: adjusted utilization rates averaging below 70% are not associated with full use of
available block time, wasting resources, while rates above 90% are frequently associated with the
need for overtime hours.>3 Different OR constituencies have different comfort zones for degrees of
utilization (see Table 2-6). Most institutions cannot afford to have one or two operating rooms
staffed and waiting unless there is a reliable steady supply of late open-schedule additions, that
is, urgents/emergencies, during the regular work day. A previously agreed upon, clear algorithm



for the acceptance and ordering of these cases will need to be adopted. In general, critical life-
threatening emergencies and elective add-ons are fairly straightforward and at the two ends of the
spectrum. The critical emergency goes in the next available room whereas the elective case gets
added to the end of the schedule. The so-called “urgent” patient requires the most judgment.
Individual services should provide guidelines and limitations for their expected “urgent cases.”
These “add-on case policy” guidelines®* should be common knowledge to everyone involved in
running the operating room. Consequently, these cases, such as ectopic pregnancies, open
fractures, the patient with obstructed bowels, and eye injuries, can then be triaged and inserted
into the elective schedule as needed with minimal discussion from the delayed surgeon. The
surgeons whose “urgent” case is presented as one that must immediately bump another service's
patient, yet could wait several hours if it is their own patient that will be delayed, will have to
face their own previously agreed-upon standards in a future OR Committee meeting. A simple way
to express one logical policy for “urgent” cases (e.g., acute appendicitis, unruptured ectopic
pregnancy, intestinal obstruction) is: (1) bump the same surgeon's elective scheduled case; (2) if
none, bump a scheduled case on the same service (GYN, General A, etc.); (3) if none, bump a
scheduled case from an open-schedule surgical service; and (4) if none, bump a scheduled case
from a block-schedule service.”* Some institutions require the attending surgeon of the posted
urgent/emergent patient to speak personally with the surgeon of any bumped case, as opposed to
letting the anesthesiologist board runner or charge nurse take the heat for delaying a scheduled
case.

TABLE 2-6 OR Utilization "Comfort Zones” of the OR Personnel Constituencies

FACILITY rANESTHESIOLOGY OR SURGEONS
ADMINISTRATION GROUP STAFF

Block time utilization

>100% ++ -- - —_—-
85- ++++ ++ -
100%

70-84% +++ ++++ + +/-
55-69% + +++ +++ ++
<55% -- - ++ ++++
“+” = favorable; “-” = unfavorable

Reprinted with permission from American Society of Anesthesiologists: Mazzei WJ]. OR
management: state of the art. 2003 conference on practice management. Park Ridge, IL:
American Society of Anesthesiologists; 2003:65.

Another area of burgeoning growth that must be accounted for in the daily work schedule is the
non-operating room “off-site” diagnostic test, or therapeutic intervention that requires anesthesia
care. In many instances these procedures replace operations that, in the recent past, would have



been posted on the OR schedule as urgent/emergency cases. For example, cerebral aneurysm
coiling and CT guided abscess drainage, among other procedures, are done in imaging suites.
However, they do require anesthesia care from anesthesia personnel, albeit in a new
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location. Additionally, depending on distances involved and logistics, it may even be necessary to
assign two people, a primary provider and an attending, exclusively to that remote location when,
had the case come to the OR, the attending may have been able to cover another or other cases
also. Hospital administration or the OR Committee may try to view these cases as unrelated to OR
function and, thus, purely a problem for the anesthesia group to solve. These cases must be
treated with the same methodology regarding access and prioritization as all other OR procedures.
To apportion hospital-based anesthesia resources reasonably, these “off-site” procedures should
be subject to the same guidelines and processes as any other OR posting. Most institutions have
added at least one extra anesthetizing location to their formal operating schedule to designate
these “off-site” procedures (occasionally with an imaginative name such as “road show,”
“outfield,” or “safari”). For many of these “off-site” cases, there is little or no reimbursement for
anesthesia care. Most government plans and insurance carriers will probably not pay for the
claustrophobic adult to receive a MAC or even a general anesthetic for an obviously needed
diagnostic MRI, as much as the patient, the surgeon, and the hospital benefit from the test
results. The anesthesia group, the OR Committee, and the hospital administration need to reach
compromises regarding “off-site” procedures, regarding scheduling, allocation of anesthesia
resources that would otherwise go to the OR, and even subsidization of the personnel costs to
continue this obviously beneficial service.

Computerization

Computerized scheduling will likely benefit every operating room regardless of size.
Computerization allows for a faster more efficient method of case posting than any handwritten
system. Changes to the schedule can be made quickly without any loss of information.
Rearranging the daily schedule is much simpler on a computer than erasing and rewriting on a
ledger. Furthermore, most hospitals have adopted a computer-determined time for a given
surgical procedure for that particular surgeon. Commonly, this time is the average of the last 10
of the specific procedure (e.g., total knee replacement) with the potential to add a modifier (e.g.,
it is a redo) that shows a material difference in the projected time length (almost always longer)
for one particular patient. Suppose surgeon X has a block time of 8 hours on a given day and
wants to schedule four procedures in that allotted time. The computerized scheduling program
looks at surgeon X's past performances and determines a projected length for each of the
procedures that are identified to the computer, usually by CPT-4 codes or possibly some other
code developed locally for frequent procedures done by surgeon X. (Note that the recorded time
length includes the turnover time, thus making the case time definition from the time the patient
enters the OR until the time any following patient enters that OR [unless an “exception” is entered
specifically for an unusual circumstance].) The use of agreed-upon codes instead of just text
descriptions helps ensure accuracy because it eliminates any need for the scheduling clerk to
guess what the surgeon intends to do. Bookings should not be taken without the accompanying
codes. The computer then decides whether surgeon X will finish the four procedures in the allotted
block time. If the computer concludes that the fourth case would finish significantly (the definition
of which can be determined and entered into the program) beyond the available block time, it will
not accept the fourth case into that room's schedule on that particular day. The surgeon will
accept the computer's assigned times and adjust accordingly, planning only three cases, or appeal
for an “exception” based on some factor not in the booking that is claimed will materially decrease
the time needed for at least one of the four cases, which the surgeon must explain to the
“exception czar” (anesthesiology clinical director or OR charge nurse) of the day. Note that,
routinely, surgeons generally object to having actual past turnover times counted in the case
length average. An alternative method has the computer simply add (to each case except the last)
a projected turnover time that is agreed upon by all involved at an (often contentious) OR
committee meeting. Computerizing the scheduling process significantly reduces any personal
biases and smoothes out the entire operating day. The long-standing ritual of late-afternoon



disputes between the surgeons and the anesthesia group and/or OR staff whether to start the last
case or not may be eliminated or at least reduced by this more realistic prospective OR scheduling
method.

There are many variables to consider in any OR scheduling system. The patient population served
and the nature of the institution dictate the overall structure of the OR schedule. Inner-city Level
1 Trauma Centers must accommodate emergencies on a regular basis, 24 hours a day. These
centers are unlikely to create a workable schedule more than a day in advance. An ambulatory
surgery center serving plastic surgery patients may see only the rare emergency bring-back
bleeding patient. Their schedule may be accurate many days in advance with a high degree of
expectation that the patient will arrive on time properly prepared for surgery. The anesthesia
group at this ambulatory center may rarely have to make changes to the schedule, allowing them
to proceed with a fairly predictable daily workload. At the inner-city trauma hospital, a great deal
of flexibility and constant communication with the surgeons will be required in an attempt to get
the cases done in a reasonable time frame with the inherent constraints placed on the OR staff's
resources and the time available. These two extreme examples from opposite ends of the
scheduling-process spectrum can provide guidelines for the majority of the institutions that fall
somewhere in between. Independent of where an individual operating theater falls in this
spectrum, open communication and an honest discussion among the three principle groups
involved in OR scheduling is critical in maintaining a smooth functioning operating room. Avoiding
the anesthesia-surgery “us versus them” mentality helps keep the schedule on track. Surgeons
are frequently viewed as having totally unrealistic expectations of what the operating room is
capable of accomplishing. Anesthesiologists are sometimes accused of trying to avoid work when a
case is canceled for legitimate medical reasons or turnover between cases is perceived as too
slow. The OR staff often feels they are being pushed too hard. These conflicting and contentious
attitudes should not and need not dominate the operating room environment. When each of the
three contingencies genuinely appreciates the others' points of view and everyone starts working
toward a logical common goal—safe, efficient, expedient patient care—then the already stressful
OR environment will be a much better place to work.

Beyond open communication, how best to work toward this mutual understanding depends on the
particulars of the people involved and the environment, but some ORs report benefits from team-
building exercises, leadership retreats, and even OR-wide social events. ORs with a particularly
malignant history of finger-pointing and bad feelings among the personnel groups may constitute
one of the few instances an outside consultant really may be valuable in that there are workplace
psychologists who specialize in analyzing dysfunctional work environments and implementing
changes to improve the situation for all involved.

Anesthesia Preoperative Evaluation Clinic

An anesthesia preoperative evaluation clinic (APEC) that provides a comprehensive perioperative
medical evaluation usually results in a more efficient running of the operating room
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schedule.?>:3% Unanticipated cancellations or delays are avoided when the anesthesia group
evaluates complex patients prior to surgery. Even if the patient arrives to the OR on time the day
of surgery, inadequate preoperative clearance mandating the ordering of additional tests will
consume precious OR time during the delay waiting for results. Cancellations or delays adversely
affect the efficiency of any operating room. Subsequent cases in that room, whether for the same
or a different surgeon, may get significantly delayed or forced to be squeezed into an already busy
schedule on another day. The financial impact of delays or cancellations on the institution is
considerable. Revenue is lost with no offsetting absence of expenses. Worse, expenses may
actually increase when overtime has to be paid, or the sterile equipment has to be repackaged
after having been opened for the canceled procedure. Even worse, the inconvenienced patient
and/or surgeon go to another facility.

Optimal timing for preoperative evaluation should be related to the institution's scheduling
preferences, patient convenience, and the overall health of the patient. Earlier completion of the
preop evaluation may not reduce the overall cancellation rate when compared to a more proximate



evaluation. However, an early evaluation and clearance may well provide a larger pool of patients
available to place on the OR schedule (block or open), resulting in a more efficient use of OR time.
Additionally, a protocol-driven evaluation process can anticipate possible need for time-consuming
investigations (such as a cardiology evaluation for the patient with probable angina). Early
recognition of a failed preoperative test allows time for another patient to be moved into the now-
vacant time slot. Also, early identification of certain problems requiring special care on the day of
surgery (for example, preoperative epidural or PA catheter placement) should lead to fewer
unanticipated delays. Unfortunately, many issues precipitating delays are discovered on the day of
surgery. Some of these preventable delays are unrelated to the patients' health status. Seemingly
simple issues such as verification of a ride home, or incomplete financial information also
contribute to unexpected delays. A properly functioning APEC may be able to eliminate a majority
of these annoying causes of unnecessary delays.

Regardless of the institutional specifics surrounding the service provided by the APEC, further cost
savings can be obtained through its proper usage by the anesthesia group. With only a basic
protocol to go on, commonly a full “shotgun” battery of tests is ordered by surgeons to “cover all
the bases” for every patient from a specific surgeon or surgical service in the hopes of avoiding
last-minute delays on the day of surgery. The APEC frequently reduces dramatically the number of
pre-op tests performed by focusing on which diagnostic tests and medical consults are really
required for any specific patient. In some circumstances, the APEC may also function as an
additional source of revenue for the anesthesia group when a formal preop consult on a
complicated patient is ordered well in advance by the surgeon, in the same manner as would have
otherwise been directed to a primary care physician for “clearance for surgery.” Securing a
genuinely relevant medical evaluation of the patient prior to anesthesia and surgery with its
subsequent reduction of wasted OR resources and cost containment are not the only benefits of an
APEC. The ability to centralize pertinent information including admission
precertification/clearance, financial data, diagnostic and laboratory results, consult reports, and
preoperative recommendations improves OR function by decreasing the time spent searching for
all these items after changes have been made to the schedule. Patient and family education
performed by the APEC frequently leads to an increase in patients' overall satisfaction of the
perioperative experience. In addition, patient anxiety may be reduced secondary to the more in-
depth contact possible inherent in the APEC process when compared to anesthesia practitioners
meeting an ambulatory outpatient for the first time in an OR holding area immediately prior to
surgery. The APEC model enables the anesthesia group to be more active and proactive in the
perioperative process, improving their relations with the other OR constituents. By taking a
leading role in establishing and running an APEC, the anesthesia group enhances its reputation as
a cooperative, concerned entity by significantly contributing to high-quality patient care as well as
the overall efficiency of the operating room function.

Anesthesiology Personnel Issues

In light of the current and future shortage of anesthesia care providers, managing and maintaining
a stable supply of anesthesia practitioners promises to dominate the OR landscape for years to
come. The 2002 shortfall of anesthesiologists was calculated at 100 to 3,800 and the estimate for
2005 was 500 to 3,900, the range dependent on service demand growth.34 A survey of hospital
administrators revealed that nearly 60% of them are actively recruiting anesthesiologists; over
half of them have done so for more than six months.>” The lean resident recruiting years of the
mid- to late 1990's continue to impact the profession. Even though applications to anesthesiology
residencies rebounded significantly, it will take many years of relatively large numbers of
anesthesia residency graduates to reverse this trend. Furthermore, the supply of nonphysician
anesthesia providers is also dwindling. With the aging population of nurse anesthetists and the
limited number of applications to schools in that profession, as well as the very limited number of
training facilities for anesthesiology assistants, the overall supply of anesthesia providers remains
inadequate to meet current and, at least, short-term future demands. The need for anesthesia
groups to create a flexible, attractive work environment to retain providers who might leave or
retire will continue to increase.



o A related issue is consideration of what is a reasonable work load for an anesthesiologist and

how best to measure, if possible, the clinical productivity of an anesthesia group/department.
These questions have been the subject of considerable discussion.>8:59.60,61 Sybjects involve
comparisons among members of the anesthesiology group, both against outside benchmarks and
also against each other as well as the group as a whole against others, if possible. Beyond the
simple number of FTEs, cases, and OR minutes, consideration of factors such as the nature of the
facility, types of surgical practice, patient acuity, and speed of the surgeons must be incorporated
to allow fair comparisons. Thoughtful filtering of resulting data should take place before
dissemination of the aggregate information to all members of a group because of the
understandable extreme sensitivity among stressed and fatigued anesthesiologists to a suggestion
that they are not working as hard as their group/department peers.

Except in highly unusual circumstances, flexible scheduling of anesthesia providers and also
fulfilling the demands placed on the group by the institution continues to be a constant balancing
act. This demand assumes added significance because institutions now subsidize many anesthesia
groups. Even when a majority of providers in a facility are independent contractors where it is
required that a specific surgeon request their services, there are time conflicts ranging from no
one at all being available to unwanted downtime. When the anesthesia group/department accepts
the responsibility of providing anesthesia services for an institution, they must schedule enough
providers for that OR suite on each given day. Ideally, a sufficient number of providers would be
hired so that there would always be enough personnel to staff the minimum number of
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rooms scheduled on any given day, as well as after-hours call duty. This situation rarely exists
because it would be financially disadvantageous to have an excess number of providers with no
clinical activity. Having exactly the right number of anesthesia providers in a group for the clinical
load works well until one (or more) of them is out with an unplanned absence such as an extended
illness or a family emergency. Many academic departments have a natural buffer with some
clinicians assigned intervals of nonclinical time for research, teaching, or administrative duties.
However, repeated loss of these nonclinical days because of inadequate clinical staffing in the OR
leads to undermining the academic/research mission of the department. Continued loss of this
time will eventually lead to resignations, thus eliminating the original buffer. Consequently,
anesthesia groups/departments need to anticipate available clinical personnel and match them to
the operating room demands. Ideally, this information should be accurate for several months into
the future. Meeting this specification has become more difficult in the recent past. With sudden
major realignments of insurance carriers, changes in managed care, and the constant bidding war
for anesthesia providers, predicting both personnel availability and the corresponding operating
room case load any length of time into the future may require a crystal ball. There is no easy
answer to this dilemma and no clear solution presents itself, except to acknowledge that the
situation exists and is likely to continue for the foreseeable future. Hospital administrators must
offer reasonable assurances to the anesthesia group providing service that a given OR utilization
rate is likely, as well as accurate data regarding reimbursement (payer mix and any package
contracts negotiated by the hospital). This data must be provided accurately and updated
frequently if a health care institution is to acquire and retain an anesthesia group staffed with the
personnel to meet the expected demands.

Timing

Each operating environment has its own personnel scheduling system and expectations for the
anesthesia group. Daily coordination between the anesthesia group's clinical director and the OR
supervisor permits the construction of a reasonable schedule showing the number of operating
rooms that day and when the schedule expects each of them to finish. Invariably, some cases take
longer than anticipated, or add-ons are posted requiring the OR to run into the late afternoon or
early evening. Many anesthesia providers accept this occurrence as a matter of course. Few
anesthesia providers will tolerate this sequence of events as an essentially daily routine whether
they are paid overtime or not. These practitioners become exhausted and resent the burdens
continuously placed on them. If the OR schedule is such that add-ons frequently occur and
elective cases run well into the evening, many anesthesia providers will opt to protect their



personal and family time and cut back their working hours or resign. Neither would be welcome in
such a tight market. Under these circumstances, hiring additional personnel who are scheduled to
arrive at a later time, for example, 11:00 AM, and then providing lunch relief and staying late
(e.g., 7:30 PM or later if needed) to finish the schedule may well be a very worthwhile
investment.

Another possible solution to the demands of an extended OR schedule on an anesthesia group's
personnel may revolve around employing part-time anesthesia providers. Part-time opportunities
could enhance a group's ability to attract additional staff. According to a New York Times survey,
many medical practitioners (12% of male physicians and 25% of female physicians) currently work
fewer than 40 hours a week.>? In the past, a disproportionately high percentage of women chose
anesthesiology as a career. In 1970, women represented 7.6% of the physician population but
were 14% of anesthesiologists; much more recently, they make up 45% of the physician
population and only 20% of anesthesiologists, proportionately a significant reduction.®? Beyond
the basic demographic shift among all physicians, one likely partial explanation for the decreased
number of women anesthesiologists may be the lack of part-time positions, which will hamper an
anesthesia groups' ability to attract and keep at least some of the female anesthesia providers.

Scheduling after-hours coverage also adds to the personnel difficulties facing the anesthesia
group. The variations of call schemes are endless. The nature of the institution and the workload
determine the degree of late night coverage. Major referral centers and Level 1 trauma centers
require in-house primary providers. If these providers include residents and/or nurse anesthetists,
then the supervising attending staff will also be in-house 24 hours a day. In other less intense
settings, the primary provider will be in house with the attending taking call from home (within
the boundary of a predetermined maximum arrival time, usually 30 minutes). The number of
providers required to take call (in-house or back-up) is always a never-ending topic of animated
discussion. Should the call team staff for a minimum, average, or potentially possible number of
cases, with a call-in list as further backup? A common solution employed at many institutions is to
staff the evening/night call shifts for an average workload, recognizing that on some occasions
there will be idle operating rooms, and on other nights, the surgical demand will exceed the call
team's numbers, resulting in a scramble. Obviously if this occurs frequently, changes are needed
in the number of staff on call.

There are also medicolegal issues surrounding the call team's availability. At a small community
hospital with a limited number of independent attending practitioners, the practitioners may agree
to cover call on a rotating basis. The individuals not on call are usually not obligated to the OR
and may well be truly unreachable. What happens then when the on-call anesthesiologist is
administering an anesthetic and another true emergency case arrives in the OR suite and the
remaining staff anesthesiologists are legitimately unavailable? Does that anesthesiologist leave his
or her current patient under the care of an operating room nurse and go next door to tend to a
more acutely (possibly critically) ill patient? Should the patient be transferred from the ER to
another (hopefully nearby) hospital? These questions have no easy answers. Clearly, those
practitioners on the scene have to assess in real time the relative risks and benefits and make the
difficult decisions. This example is but one of the many issues facing any call scheme, whatever
the size of the facility and the number of people involved, and the possible scenarios that exist in
staffing an operating suite.

A related scheduling issue regarding the evening and night call assignments revolves around what
to do with the call team that has worked the previous night. Should they provide anesthesia care
the next day? As always, the answers to this question are as varied as there are health care
facilities. If the call duty requires the practitioner(s) frequently to work much or all of the night,
leaving the individual(s) stressed and fatigued, they should not be required to work the next day
during normal working hours. However, if that call team normally works most of the night, but
they have not had any cases to do and were able to sleep, it is not unreasonable to expect such
individuals to remain in the OR in the morning and help out as long as needed. A more
complicated answer involves what to do when the call assignment rarely requires a long night's
work and the on-call anesthesia providers routinely have rooms assigned to them the next day,
but at least one person has just finished a difficult 24-hour shift being awake working all night.



Does the group wish the practitioner to continue the scheduled daytime

assignment with the intent of being relieved as soon as possible? Alternatively, should the
practitioner go home, with the result of closing or delaying a lineup of scheduled cases, which will
bring significant negative feedback to the anesthesiology group? Common sense and reason should
guide everyone in such a circumstance. Anesthesia groups need to decide how to handle the
possible call shift scenarios, with permutations and combinations, and clearly communicate
prospectively their decisions to the OR Committee before any difficult decision has to be made one
morning. As always, the medicolegal aspects of any decision such as this need to be taken into
consideration. Whether or not fatigue was a factor, the practitioner who worked throughout the
night before and appeared to contribute to an anesthetic catastrophe the next morning would have
a very difficult defense in court. Further, the anesthesiology group may also be held liable in that
their practice/policy was in place, allegedly authorizing the supposedly dangerous conduct.

Cost and Quality Issues

One of the more pervasive aspects of American medical care in today's environment is the drive to
maintain and improve high-quality health care while reducing the cost of that care. Health care
accounts for approximately 14% of the Gross Domestic Product, nearly triple the fraction a
generation ago. Consequently, all physicians, including anesthesiologists, are urged constantly to
include cost-consciousness in decisions balancing the natural desire to provide the highest
possible quality of care with the overall priorities of both the health care system and the
individual patient, all while facing increasingly limited resources.®3 Anesthesiologists remain a
target for limiting health care expenditures. Anesthesia providers (directly and indirectly) have
represented 3 to 5% of the total health care costs in the country.®* Anesthesiologists are under
more and more pressure to limit expenses. Complicated decisions are required regarding which
patients are suitable for ambulatory surgery, what preoperative studies to order, what anesthetic
drugs or technique is best for the patient, what monitors or equipment are reasonably required to
run an OR, and the list goes on and on. Additionally, anesthesiologists must not lose sight of
maintaining the quality of care in this ever-increasing cost-conscious environment in which there
is intense production pressure to cut corners that is fueled by the “get away with it” mentality in
which it is noted that the vast, vast majority of the time one does something inherently unsafe,
nothing bad happens to the patient—setting up some subsequent patient for a potentially
catastrophic adverse event when the pressured anesthesiologist does not “get away with it.” With
this as background, anesthesiologists legitimately can include economic considerations in their
decision processes. When presented with multiple options to provide for therapeutic intervention
or patient assessment, one should not automatically choose the more expensive approach (just to
“cover all the bases”) unless there is compelling evidence proving its value. Decisions that clearly
materially increase cost should only be pursued when the benefit outweighs the risk. In anesthesia
care as well as medicine in general, such decisions can be difficult regarding interventions that
provide marginal benefit but contain significant cost increases.®> To deliver high-quality
anesthesia care, anesthesiologists are obliged to consider the goals of the planned intervention,
the expectations of all of their customers (patients, surgeons, colleagues, hospital administrators,
payers, etc.), and the costs of the anticipated care. Because cost containment initially requires
accurate cost awareness, anesthesiologists need to find out in an organized manner, more than
ever before, the actual costs and benefits of their anesthesia care techniques. Details will be
unique to each practice setting. Because they will be excited that the anesthesiologists actually
care, usually it is possible to get the cooperation of the facility administration's financial
department members in researching and calculating the actual cost of anesthesia care so that
thoughtful evaluations of potential reductions can be initiated.

Anesthesia drug expenses represent a small portion of the total perioperative costs. However, the
great number of doses actually administered contributes substantially to aggregate total cost to
the institution in actual dollars. Prudent drug selection combined with appropriate anesthetic
technique can result in substantial savings. Reducing fresh gas flow from 5 L/minute to 2 L/minute
wherever possible would save approximately $100 million annually in the United States.®® While a
majority of anesthesia providers usually attempt a practical approach to cost savings, they are
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more frequently faced with difficult choices regarding methods of anesthesia that likely produce
similar outcomes but at substantially different cost. When comparing the total costs of more
expensive anesthetic drugs and techniques to lesser expensive ones, many variables need to be
added to the formula. The cost of anesthetic drugs needs to include the costs of additional
equipment such as special vaporizers or extra infusion pumps and the associated maintenance.
There are other indirect costs that may be difficult to quantitate and are commonly overlooked.
Some of these indirect costs include: increased setup time, possibly increasing room turnover
time, extended PACU recovery time, and additional expensive drugs required to treat side effects.
Sometimes, more expensive techniques reduce indirect costs. A propofol infusion, while more
expensive than vapor, commonly results in a decreased PACU stay for a short noninvasive
procedure. If fewer PACU staff are needed or patient throughput is increased, the more expensive
drug can reduce overall cost. Conversely, using comparatively expensive propofol for a long
procedure definitely requiring postop admission to an ICU is hardly justified. The impact of
shorter-acting drugs and those with fewer side effects is context specific. During long surgical
procedures, such drugs may offer limited benefits over older less expensive longer-acting
alternatives.®” Under these conditions, advocating cost containment using educational efforts may
decrease drug expenditures for several categories of drugs.®® Drugs in the same therapeutic class
have widely varying costs. The acquisition expenses may vary as much as 50-fold in some
pharmacological categories. It is estimated that the 10 highest expenditure drugs account for
more than 80% of the anesthetic drug costs at some institutions.®® While newer more expensive
drugs may be easier to use, no data exists to support or refute the hypothesis that these drugs
provide a “better” anesthetic experience when compared to carefully titrated older less expensive
longer-acting drugs in the same class. Many experienced clinicians feel that patients can awaken
promptly using a wide variety of general anesthetic techniques when the agents are utilized
optimally.

Understanding the cost-benefit ratio for many aspects of and around anesthesia care can be
difficult at best. Even when published studies provide information evaluating the outcome of a
particular new therapy or intervention, determination of the specific clinical relevance remains
easier said than done. Sample size, statistics, methodology, and other analytic issues often
confuse the reader, making it complex and difficult to scrutinize the study results and place them
in their proper perspective. What may appear a large clinically relevant difference may assume
lesser importance if the sample size was too small to achieve statistical significance. Furthermore,
seemingly small changes may grow to high statistical significance if the sample size is large
enough. Careful attention must be devoted to any study proposing a reduction in relative risk to
the patient. For example, if intervention A is associated
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with a 25% actual reduction in the incidence of a complication, and intervention B is associated
with a 4% actual reduction in the incidence of another complication, both could still be described
as producing the same relative improvement despite different clinical application. This approach
has profound importance for the analysis of cost-effectiveness. A specific anesthetic or antiemetic
might need to be administered to just four patients to decrease one episode of postop
nausea/vomiting (intervention A). On the other hand, one would have to use more than 100 costly
new spinal needles to prevent one case of postdural puncture headache (intervention B).
Calculating the minimum number required to achieve the reported effect helps the clinician
determine cost-effectiveness of clinical alternatives.?:70

Independent of costs involved, analysis of patient outcomes relevant to the practice of anesthesia
permits the anesthesiologist to establish which aspects of care deserve attention. Outcome
measures are typically defined as those changes, either favorable or adverse, that occur in actual
or potential health status after prior or concurrent care.’! Health status changes include both
physical and physiological parameters (such as death, cardiac arrest, length of PACU stay, postop
myocardial infarction, or unexpected intensive care admission), as well as psychosocial functions
(patient satisfaction, family issues, or resumption of normal life). Historically, a great deal of
attention and money has been dedicated to reducing adverse clinical events. While limiting
severe/catastrophic adverse effects remains a noble and worthy cause, anesthesia groups would
be well served devoting a significant effort towards reducing common, non-life-threatening



adverse events related to everyday OR anesthesia.”’?73 Improved quality of care and better patient
satisfaction is a legitimate yardstick upon which to measure the value of anesthesia services.
Focused efforts to avoid major adverse events may dominate an anesthesia group's attention, but
it must be acknowledged that other factors, such as attitude and friendliness of the staff, may be
equally if not more important than some clinical outcomes.”® A reduction of serious adverse
anesthetic outcomes has a variable economic impact on total costs, depending on different
assumptions regarding case mix, the added expense of improving perioperative care and/or
preventing complications, the frequency of adverse complications, and the relative costs of the
uncomplicated surgery.”’> Nonetheless, reducing minor but common perioperative anesthesia
related incidents and complications theoretically can be economically beneficial, since these are
significant predictors of PACU utilization in terms of length of PACU stay.”®

Evaluation of outcomes and their subsequent application to cost analysis can be derived from two
principal sources, data published in the literature and data collected from experience. As noted,
computerized information management systems are useful tools to track outcomes and analyze the
impact on the cost-benefit ledger. Using the collated data, in the same manner as for OR
utilization and case load, practitioners can readily apply a statistical process to evaluate outcomes
in their practice, possibly including correlation with cost.? This information may take on added
importance in that published incidence studies may not exist for the specific outcome an
anesthesia group is searching for. Cause and effect diagrams can track the parameters involved in
the process and relate them to the various outcomes desired. Multiple pertinent examples could be
constructed from the now extensive body of literature on the factors contributing to postop nausea
and vomiting and the various possible preventions and treatments, many of which involve very
expensive medications. Of course, this can be done locally within an institution. Information would
be collected and stored in the database. Ideally, the database would identify and track as many
variables as needed/possible to delineate sources for possible improvement and its ultimate cost
analysis. Once these sources for improvement and the ensuing cost impact are known, the
anesthesia group can determine whether or not to pursue changing their practice. Outcomes
related to adverse effects can also be monitored. If analysis reveals a significant difference in an
adverse outcome among practitioners, after all the other variables such as surgeon, patient mix,
and so on, are eliminated, the outcome database can investigate the anesthetic technique utilized
by that practitioner. If significant variations are identified, that practitioner would be able to learn
of these variations in a non-threatening manner since computer-derived data are used as opposed
to a specific case analysis, which might lead that practitioner to feel singled out for public
criticism.

Another relevant application of such statistical outcome analysis is its use to improve the quality
of a health care process (e.g., the perioperative experience?) in general. The principles of
continuous quality improvement promoted by Deming”’’ are being applied widely in the health care
industry. Deming's approach focuses on statistical analysis of quality assessment, specifically
evaluating variations in outcome parameters that are deemed meaningful to the target population
(e.g. patients anesthetized). Addressing the etiologies of outcome variations rather than indicting
the health care process as a whole can help resolve problematical outcome issues discovered in
the analysis. If the data reveal an outcome change for the worse, prompt evaluation of the
processes involved should immediately ensue with the intention of identifying the cause. Steps to
eliminate or reduce the undesired outcomes can be investigated and implemented. If a beneficial
change appears, the process variations then responsible for the subsequent improvement should
be identified and implemented in other areas if possible. The application of the spirit of this type
of beneficial continuous quality assessment and resulting improvement, with or without elaborate
statistical analysis, should be an integral ongoing component of every anesthesia practice.

CONCLUSION

Practice and operating room management in anesthesiology today is more complex and more
important than ever before. Attention to details that previously either did not exist or were
perceived as unimportant can likely make the difference between success and failure in
anesthesiology practice.



@ Outlined here are basic descriptions and understandings of many different administrative,
organizational, financial, and personnel components and factors in the practice of
anesthesiology. Ongoing significant changes in the health care system will provide a continuing
array of challenges. Application of the principles presented here will allow anesthesiologists to
extrapolate creatively from these basics to their own individual circumstances and then forge
ahead in anesthesiology practice that is efficient, effective, productive, collegial, and even fun.

References

1. Mychaskiw G, Eichhorn JH: Practice Management. In Barash PG, Cullen BF, Stoelting RK
(eds): Clinical Anesthesia (4t edition), p 25-50. Philadelphia, Lippincott Williams & Wilkins,
2001

2. Tuman KJ, Ivankovich AD: Value-Based Anesthesia Practice, Resource Utilization, and
Operating Room Management. In Barash PG, Cullen BF, Stoelting RK (eds): Clinical Anesthesia
(4th edition), p 97-118. Philadelphia, Lippincott Williams and Wilkins, 2001

3. American Society of Anesthesiologists: 2003-04 Manual for Anesthesia Department
Organization and Management. Park Ridge, IL, ASA, 2003

4. American Society of Anesthesiologists: Anatomy of the Bargain: Sword, Shield, or Shackle?
Park Ridge, IL, ASA, 1999

5. Gilbert B: Relating quality assurance to credentials and privileges. In Chapman-Cliburn G
(ed): Risk Management and Quality Assurance: Issues and Interactions, p 79-83. Chicago,
Joint Commission on the Accreditation of Hospitals, 1986

6. Peters 1D, Fineberg KS, Kroll DA et al: Anesthesiology and the Law. Ann Arbor, MI, Health
Administration Press, 1983

7. Gaba DM, Howard SK, Jump B: Production pressure in the work environment.
Anesthesiology 81: 488, 1994

8. Eichhorn JH, Cooper JB, Cullen D] et al: Anesthesia practice standards at Harvard:
A review. J Clin Anesth 1: 56, 1988

9. American Society of Anesthesiologists Task Force on Postanesthetic Care: Practice
Guidelines for Postanesthetic Care. Anesthesiology 96: 742, 2002

10. Hawkins JL(Chair) et al: Practice guidelines for obstetrical anesthesia. Anesthesiology 90:
600, 1999

11. American Society of Anesthesiologists Task Force on Pulmonary Artery Catheterization:
Practice guidelines for pulmonary artery catheterization: an updated report by the American
Society of Anesthesiologists Task Force on Pulmonary Artery Catheterization. Anesthesiology
99: 988, 2003

P.61



12. American Society of Anesthesiologists Task Force on Management of the Difficult Airway:
Practice guidelines for management of the difficult airway: an updated report by the American
Society of Anesthesiologists Task Force on Management of the Difficult Airway. Anesthesiology
98: 1269, 2003

13. Dans PE, Weiner JP, Otter SE: Peer review organizations: Promises and potential pitfalls.
N Engl J Med 313: 1131, 1985

14. American Society of Anesthesiologists: Peer Review in Anesthesiology, p 105. Park Ridge,
IL, ASA, 1993

15. Eichhorn JH: Anesthesia equipment: Checkout and quality assurance. In Ehrenwerth J, and
Eisenkraft JB (eds.): Anesthesia Equipment: Principles and Applications, p 473-491. St. Louis,
Mosby-Yearbook, 1992

16. Spooner RB, Kirby RR: Equipment-related anesthetic incidents. In Pierce EC, Cooper JB
(eds): Analysis of Anesthetic Mishaps. International Anesthesiology Clinics 22(2): 133, 1984

17. Cooper IJB, Newbower RS, Kitz RJ: An analysis of major errors and equipment failures in
anesthesia management: considerations for prevention and detection. Anesthesiology 60: 34,
1984

18. Cooper JB, Newbower RS, Long CD et al: Preventable anesthesia mishaps: A study
of human factors. Anesthesiology 49: 399, 1978

19. Lunn JN, Mushin WW: Mortality Associated with Anaesthesia. London, Nuffield Provincial
Hospitals Trust, 1982

20. Duberman S, Wald A: An integrated quality control program for anesthesia equipment. In
Chapman-Cliburn G (ed): Risk Management and Quality Assurance: Issues and Interactions, p
105-112. Chicago, Joint Commission on the Accreditation of Hospitals, 1986

21. HHS Publication No. (FDA) 85-4196. Food and Drug Administration, Center for Devices and
Radiologic Health, Rockville, MD 20857, p 10

22. Eichhorn JH: Influence of practice standards on anesthesia outcome. In Desmonts JM
(ed): Outcome After Anesthesia and Surgery. Bailliere's Clinical Anaesthesiology—
International Practice and Research 6: 663, 1992

23. Eichhorn JH: Prevention of intraoperative anesthesia accidents and related severe
injury through safety monitoring. Anesthesiology 70: 572, 1989

24. Keats AS: Anesthesia mortality in perspective. Anesth Analg 71: 113, 1990

25. Lagasse RS: Anesthesia safety: model or myth? Anesthesiology 97: 1609, 2002



26. Cooper ]JB, Gaba DM: No myth: anesthesia is a model for addressing patient safety.
Anesthesiology 97: 1335, 2002

27. Bacon AK: Death on the table: Some thoughts on how to handle an anaesthetic-related
death. Anaesthesia 44: 245, 1989

28. Runciman WB, Webb RK, Klepper ID et al: Crisis management: Validation of an algorithm
by analysis of 2000 incident reports. Anaesth Intensive Care 21: 579, 1993

29. Davies JM, Webb RK: Adverse events in anaesthesia: The wrong drug. Can J Anaesth 41:
83, 1994

30. Cooper JB, Cullen DJ, Eichhorn JH et al: Administrative guidelines for response to
an adverse anesthesia event. J Clin Anesth 5: 79, 1993

31. Weiner JP: Forecasting the effects of health reform on U.S. physician workforce
requirements. JAMA 272: 222, 1994

32. Cullen BF: Anesthesia workforce requirements: Are there too many anesthesiologists? ASA
Newsletter 58(11): 27, 1994

33. Schubert A, Eckhout G, Cooperider T, Kuhel A: Evidence of a current and lasting national
anesthesia personnel shortfall: scope and implications. Mayo Clin Proc. 76: 995, 2001

34. Schubert A, Eckhout G Jr, Tremper K: An updated view of the national anesthesia
personnel shortfall. Anesth Analg 96: 207, 2003

35. Grogono AW: National Resident Matching Program Results for 2004: Slight Decline in
Recruitment. ASA Newsletter 68(5): 18, 2004

36. Eckhout GV: Where Are Those Anesthesiologists? Deciphering the Numbers. ASA
Newsletter 68(5): 13, 2004

37. American Society of Anesthesiologists: Practice Management: Compliance with Medicare
and Other Payor Billing Requirements. Park Ridge, IL, ASA, 1997

38. Locke J: The Net Collections Fallacy and Other Performance Metric Myths. American
Society of Anesthesiologists 2003 Conference on Practice Management, 141. Park Ridge, IL,
ASA, 2003

39. American Society of Anesthesiologists: Managed Care Reimbursement Mechanisms: A
Guide for Anesthesiologists. Park Ridge, IL, ASA, 1994

40. American Society of Anesthesiologists: Contracting Issues: A Primer for
Anesthesiologists. Park Ridge, IL, ASA, 1999



41. Willett DE: Exclusive Contracts: Update on Legal Issues. American Society of
Anesthesiologists 2001 Conference on Practice Management, 8-1. Park Ridge, IL, ASA, 2001

42. Scott SJ, Blough GG: Exclusive Contracts: Survey of Hospital Contracts. American Society
of Anesthesiologists 2001 Conference on Practice Management, 9-1 Park Ridge, IL, ASA, 2001

43. American Society of Anesthesiologists: Practice Management: Managed Care Contracting.
Park Ridge, IL, ASA, 1996

44. Everett, PC: Securing a Hospital Stipend: the Business-Like Approach. American
Society of Anesthesiologists 2003 Conference on Practice Management, 189. Park
Ridge, IL, ASA, 2003

45. Semo, JJ: Hospital Stipend Negotiations: Practical and Legal Issues. American Society of
Anesthesiologists 2004 Conference on Practice Management, 51. Park Ridge, IL, ASA, 2004

46. Rodin MA: Conflicts in managed care. N Eng J Med 332: 604, 1995

47. Hetrick WD: Health care reform: Implications for the anesthesiologist. Adv Anesth 12: 1,
1995

48. American Society of Anesthesiologists: The HIPAA Privacy Rule in Anesthesia and Pain
Medicine Practices. Park Ridge, IL, ASA, 2003

49. Semo JJ: HIPAA Privacy: What You Need to Know, What You Need to Do. American Society
of Anesthesiologists 2003 Conference on Practice Management, 96. Park Ridge, IL, ASA, 2003

50. Semo JJ: HIPAA Privacy Update. American Society of Anesthesiologists 2004 Conference
on Practice Management, 123. Park Ridge, IL, ASA, 2004

51. Johnson JF: Questions to Ask Your Billing Software Vendor. American Society of
Anesthesiologists 2003 Conference on Practice Management, 130. Park Ridge, IL, ASA, 2003

52. Szokol JW: Administrative Support Survey Results. Association of Anesthesia Clinical
Directors Newsletter, Summer 2002 1

53. Mazzei WJ]: OR Management. American Society of Anesthesiologists 2001
Conference on Practice Management, 12-1. Park Ridge, IL, ASA, 2001

54. Malhotra V: Practical Issues in OR Management: The Obvious and the Not So Obvious.
American Society of Anesthesiologists 2004 Conference on Practice Management, 43. Park
Ridge, IL, ASA, 2004

55. Pollard JB, Zboray AL, Mazze RI: Economic benefits attributed to opening a preoperative
evaluation clinic for outpatients. Anesth Analg 83: 407, 1996



56. Fischer SP: Development and effectiveness of an anesthesia preoperative evaluation clinic
in a teaching hospital. Anesthesiology 85: 196, 1996

57. Blough GG, Scott SJ: Creative Scheduling for Anesthesiologists: Physician Retention in a
Tight Market. American Society of Anesthesiologists 2003 Conference on Practice
Management, 71. Park Ridge, IL, ASA, 2003

58. Abouleish AE, Prough DS, Zornow MH et al: Designing meaningful industry metrics for
clinical productivity for anesthesiology departments. Anesth Analg 93: 309, 2001

59. Abouleish AE, Prough DS, Whitten CW et al: Comparing clinical productivity of
anesthesiology departments. Anesthesiology 97: 608, 2002

60. Abouleish AE, Prough DS, Barker SJ] et al: Organizational factors affect comparisons of
clinical productivity of academic anesthesiology departments. Anesth Analg 96: 802, 2003

61. Abouleish AE: Working Hard: Hardly Working; Comparing Clinical Productivity of
Anesthesiology Groups. American Society of Anesthesiologists 2004 Conference on Practice
Management, 195. Park Ridge, IL, ASA, 2004

62. Calmes SH: Anesthesiology Demographics: Women's Changing Specialty Choices and
Implications for Anesthesiology Workforce Shortage. American Society of Anesthesiologists
Newsletter 65(8): 2001, 22

63. Tuman KJ, Ivankovich AD: High cost, high tech medicine—are we getting our money's
worth? J Clin Anesth 5: 168, 1993

64. Johnstone RE, Martinec CL: Costs of anesthesia. Anesth Analg 76: 840, 1993

65. Eddy DM: Applying cost-effectiveness analysis: The inside story. JAMA 268: 2575, 1992

66. Baum JA: Low flow anaesthesia: The sensible and judicious use of inhalation anaesthetics.
Acta Anaesthiol Scand 111: 264, 1997

67. Szocik JF, Learned DW: Impact of a cost containment program on the use of volatile
anesthetics and neuromuscular blocking drugs. J Clin Anesth 6: 378, 1994

68. Barclay LP, Hatton RC, Doering PL, Shands JW: Physicians' perceptions and knowledge of
drug costs: Results of a survey. Formulary 30: 268, 1995

69. Johnstone R, Jozefczyk KG: Costs of anesthetic drugs: Experiences with a cost education
trial. Anesth Analg 78: 766, 1994

70. Davidson RA: Does it work or not? Clinical vs. statistical significance. Chest 106: 932,
1994



71. Donabedian A: Explorations in Quality Assessment and Monitoring. Vol 3. The Methods and
Findings of Quality Assessment and Monitoring: An Illustrated Analysis. Ann Arbor, MI, Health
Administration Press, 1985

72. Macario A, Weinger M, Truong P, Lee M: Which clinical anesthesia outcomes are
both common and important to avoid? The perspective of a panel of expert
anesthesiologists. Anesth Analg 88: 1085, 1999

73. Tarazi E, Philip B: Friendliness of OR staff is top determinant of patient satisfaction with
outpatient surgery. Am J Anesth 25: 154, 1998

74. Dexter F, Tinker JH: The cost efficacy of hypothetically eliminating adverse anesthetic
outcomes from high-risk, but neither low- nor moderate-risk, surgical operations. Anesth
Analg 81: 939, 1995

75. Bothner U, Georgieff M, Schwilk B: The impact of minor perioperative anesthesia-related
incidents, events, and complications on postanesthesia care unit utilization. Anesth Analg 89:
506, 1999

76. Deming WE: Out of the Crisis. Cambridge, MA, MIT, Center for Advanced Engineering
Study, 1986

P.62



Editors: Barash, Paul G.; Cullen, Bruce F.; Stoelting, Robert K.
Title: Clinical Anesthesia, 5th Edition

Copyright ©2006 Lippincott Williams & Wilkins

> Table of Contents > Section I - Introduction to Anesthesia Practice > Chapter 3 - Experimental Design and
Statistics

Chapter 3
Experimental Design and Statistics

Nathan Leon Pace

KEY POINTS

o Statistics and mathematics are the language of scientific medicine.

o Good research planning includes a clear biologic hypothesis, the specification of
outcome variables, the choice of anticipated statistical methods, and sample
size planning.

o To avoid bias in the performance of clinical research, the crucial elements of
good research design include concurrent control groups; random allocation of
subjects to treatment groups; and blinding of random allocation, patients,
caregivers, and outcome assessors.

o Descriptive (mean, standard deviation, etc.) and inferential statistics (t test,
confidence interval, etc.) are both essential methods for the presentation of
research results.

o The central limit theorem allows the use of parametric statistics for most
statistical testing.

o Systematic review and meta-analysis can synthesize and summarize the results
of smaller, nonsignificant individual studies and permit more powerful
inferences.

INTRODUCTION

Medical journals are replete with numbers. These include weights, lengths, pressures,

volumes, flows, concentrations, counts, temperatures, rates, currents, energies, and forces.
The analysis and interpretation of these numbers require the use of statistical techniques. The
design of the experiment to acquire these numbers is also part of statistical competence. The need
for these statistical techniques is mandated by the nature of our universe, which is both orderly
and random at the same time. Probability and statistics have been formulated to solve concrete
problems, such as betting on cards, understanding biologic inheritance, and improving food
processing. Studies in anesthesia have even inspired new statistics. The development of statistical
techniques is manifest in the increasing use of more sophisticated research designs and statistical



tests in anesthesia research.

If a physician is to be a practitioner of scientific medicine, he or she must read the language of
science to be able to independently assess and interpret the scientific report. Without exception,
the language of the medical report is increasingly statistical. Readers of the anesthesia literature,
whether in a community hospital or a university environment, cannot and should not totally
depend on the editors of journals to banish all errors of statistical analysis and interpretation. In
addition, there are regularly questions about simple statistics in examinations required for
anesthesiologists. Finally, certain statistical methods have everyday applications in clinical
medicine. This chapter briefly scans some elements of experimental design and statistical
analysis.

DESIGN OF RESEARCH STUDIES

The scientific investigator should view himself or herself as an experimenter and not merely as a
naturalist. The naturalist goes out into the field ready to capture and report the numbers that flit
into view; this is a worthy activity, typified by the case

report. Case reports engender interest, suspicion, doubt, wonder, and, one hopes, the desire to
experiment; however, the case report is not sufficient evidence to advance scientific medicine.
The experimenter attempts to constrain and control, as much as possible, the environment in
which he or she collects numbers to test a hypothesis.

Sampling

Two words of great importance to statisticians are population and sample. In statistical language,
each has a specialized meaning. Instead of referring only to the count of individuals in a
geographic or political region, population refers to any target group of things (animate or
inanimate) in which there is interest. For anesthesia researchers, a typical target population might
be mothers in the first stage of labor or head-trauma victims undergoing craniotomy. A target
population could also be cell cultures, isolated organ preparations, or hospital bills. A sample is a
subset of the target population. Samples are taken because of the impossibility of observing the
entire population; it is generally not affordable, convenient, or practical to examine more than a
relatively small fraction of the population. Nevertheless, the researcher wishes to generalize from
the results of the small sample group to the entire population.

Although the subjects of a population are alike in at least one way, these population members are
generally quite diverse in other ways. Since the researcher can work only with a subset of the
population, he or she hopes that the sample of subjects in the experiment is representative of the
population's diversity. Head-injury patients can have open or closed wounds, a variety of
coexisting diseases, and normal or increased intracranial pressure. These subgroups within a
population are called strata. Often the researcher wishes to increase the sameness or homogeneity
of the target population by further restricting it to just a few strata; perhaps only closed and not
open head injuries will be included. Restricting the target population to eliminate too much
diversity must be balanced against the desire to have the results be applicable to the broadest
possible population of patients.

The best hope for a representative sample of the population would be realized if every subject in
the population had the same chance of being in the experiment; this is called random sampling. If
there are several strata of importance, random sampling from each stratum would be appropriate.
Unfortunately, in most clinical anesthesia studies researchers are limited to using those patients
who happen to show up at their hospitals; this is called convenience sampling. Convenience
sampling is also subject to the nuances of the surgical schedule, the goodwill of the referring
physician and attending surgeon, and the willingness of the patient to cooperate. At best, the
convenience sample is representative of patients at that institution, with no assurance that these
patients are similar to those elsewhere. Convenience sampling is also the rule in studying new
anesthetic drugs; such studies are typically performed on healthy, young volunteers.
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Performance

The researcher must define the conditions to which the sample members will be exposed.
Particularly in clinical research, one must decide whether these conditions should be rigidly
standardized or whether the experimental circumstances should be adjusted or individualized to
the patient. In anesthetic drug research, should a fixed dose be given to all members of the
sample or should the dose be adjusted to produce an effect or to achieve a specific end point?
Standardizing the treatment groups by fixed doses simplifies the research work. There are risks to
this standardization, however: (1) a fixed dose may produce excessive numbers of side effects in
some patients; (2) a fixed dose may be therapeutically insufficient in others; and (3) a treatment
standardized for an experimental protocol may be so artificial that it has no broad clinical
relevance, even if demonstrated to be superior. The researcher should carefully choose and report
the adjustment/individualization of experimental treatments.

Control Groups

Even if a researcher is studying just one experimental group, the results of the experiment
are usually not interpreted solely in terms of that one group but are also contrasted and
compared with other experimental groups. Examining the effects of a new drug on blood pressure
during anesthetic induction is important, but what is more important is comparing those results
with the effects of one or more standard drugs commonly used in the same situation. Where can

the researcher obtain these comparative data? There are several possibilities: (1) each patient
could receive the standard drug under identical experimental circumstances at another time; (2)
another group of patients receiving the standard drug could be studied simultaneously; (3) a
group of patients could have been studied previously with the standard drug under similar
circumstances; and (4) literature reports of the effects of the drug under related but not
necessarily identical circumstances could be used. Under the first two possibilities, the control
group is contemporaneous—either a self-control (crossover) or parallel control group. The second
two possibilities are examples of the use of historical controls.

Because historical controls already exist, they are convenient and seemingly cheap to use.
Unfortunately, the history of medicine is littered with the “debris” of therapies enthusiastically
accepted on the basis of comparison with past experience. A classic example is operative ligation
of the internal mammary artery for the treatment of angina pectoris—a procedure now known to
be of no value. Proposed as a method to improve coronary artery blood flow, the lack of benefit
was demonstrated in a trial where some patients had the procedure and some had a sham
procedure; both groups showed benefit.! There is now firm empirical evidence that studies using
historical controls usually show a favorable outcome for a new therapy, whereas studies with
concurrent controls, that is, parallel control group or self-control, less often reveal a benefit.?2
Nothing seems to increase the enthusiasm for a new treatment as much as the omission of a
concurrent control group. If the outcome with an old treatment is not studied simultaneously with
the outcome of a new treatment, one cannot know if any differences in results are a consequence
of the two treatments, or of unsuspected and unknowable differences between the patients, or of
other changes over time in the general medical environment. One possible exception would be in
studying a disease that is uniformly fatal (100% mortality) over a very short time.

Random Allocation of Treatment Groups

Having accepted the necessity of an experiment with a control group, the question arises as to the
method by which each subject should be assigned to the predetermined experimental groups.
Should it depend on the whim of the investigator, the day of the week, the preference of a
referring physician, the wish of the patient, the assignment of the previous subject,
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he availability of a study drug, a hospital chart number, or some other arbitrary criterion? All such
methods have been used and are still used, but all can ruin the purity and usefulness of the
experiment. It is important to remember the purpose of sampling: by exposing a small number of
subjects from the target population to the various experimental conditions, one hopes to make



conclusions about the entire population. Thus, the experimental groups should be as similar as
possible to each other in reflecting the target population; if the groups are different, this
introduces a bias into the experiment. Although randomly allocating subjects of a sample to one or
another of the experimental groups requires additional work, this principle prevents selection bias
by the researcher, minimizes (but cannot always prevent) the possibility that important
differences exist among the experimental groups, and disarms the critics' complaints about
research methods. Random allocation is most commonly accomplished by the use of computer-
generated random numbers.

Blinding

Blinding refers to the masking from the view of patient and experimenters the experimental group
to which the subject has been or will be assigned. In clinical trials, the necessity for blinding
starts even before a patient is enrolled in the research study; this is called the concealment of
random allocation. There is good evidence that, if the process of random allocation is accessible to
view, the referring physicians, the research team members, or both are tempted to manipulate the
entrance of specific patients into the study to influence their assignment to a specific treatment
group?; they do so having formed a personal opinion about the relative merits of the treatment
groups and desiring to get the “"best” for someone they favor. This creates bias in the
experimental groups.

Each subject should remain, if possible, ignorant of the assigned treatment group after entrance
into the research protocol. The patient's expectation of improvement, a placebo effect, is a real
and useful part of clinical care. But when studying a new treatment, one must ensure that the
fame or infamy of the treatments does not induce a bias in outcome by changing patient
expectations. A researcher's knowledge of the treatment assignment can bias his or her ability to
administer the research protocol and to observe and record data faithfully; this is true for clinical,
animal, and in vitro research. If the treatment group is known, those who observe data cannot
trust themselves to record the data impartially and dispassionately. The appellations single-blind
and double-blind to describe blinding are commonly used in research reports, but often applied
inconsistently; the researcher should carefully plan and report exactly who is blinded.

Types of Research Design

Ultimately, research design consists of choosing what subjects to study, what experimental
conditions and constraints to enforce, and which observations to collect at what intervals. A few
key features in this research design largely determine the strength of scientific inference on the
collected data. These key features allow the classification of research reports (Table 3-1). This
classification reveals the variety of experimental approaches and indicates strengths and
weaknesses of the same design applied to many research problems.



TABLE 3-1 Classification of Biomedical Research Reports

I. Longitudinal studies
A. Prospective (cohort) studies
1. Studies of deliberate intervention
a. Concurrent controls
b. Historical controls
2. Observational studies
B. Retrospective (case-control) studies
II. Cross-sectional studies

The first distinction is between longitudinal and cross-sectional studies. The former is the study of
changes over time, whereas the latter describes a phenomenon at a certain point in time. For
example, reporting the frequency with which certain drugs are used during anesthesia is a cross-
sectional study, whereas investigating the hemodynamic effects of different drugs during
anesthesia is a longitudinal one.

Longitudinal studies are next classified by the method with which the research subjects are
selected. These methods for choosing research subjects can be either prospective or
retrospective; these two approaches are also known as cohort (prospective) or case-control
(retrospective). A prospective study assembles groups of subjects by some input characteristic
that is thought to change an output characteristic; a typical input characteristic would be the
opioid drug administered during anesthesia, for example, remifentanil or fentanyl. A retrospective
study gathers subjects by an output characteristic; an output characteristic is the status of the
subject after an event, for example, the occurrence of a myocardial infarction. A prospective
(cohort) study would be one in which a group of patients undergoing neurological surgery was
divided in two groups, given two different opioids (remifentanil or fentanyl), and followed for the
development of a perioperative myocardial infarction. In a retrospective (case-control) study,
patients who suffered a perioperative myocardial infarction would be identified from hospital
records; a group of subjects of similar age, gender, and disease who did not suffer a perioperative
myocardial infarction also would be chosen, and the two groups would then be compared for the
relative use of the two opioids (remifentanil or fentanyl). Retrospective studies are a primary tool
of epidemiology. A case-control study can often identify an association between an input and
output characteristic, but the causal link or relationship between the two is more difficult to
specify.

Prospective studies are further divided into those in which the investigator performs a deliberate
intervention and those in which the investigator merely observes. In a study of deliberate
intervention, the investigator would choose several anesthetic maintenance techniques and
compare the incidence of postoperative nausea and vomiting. If it was performed as an
observational study, the investigator would observe a group of patients receiving anesthetics
chosen at the discretion of each patient's anesthesiologist and compare the incidence of
postoperative nausea and vomiting among the anesthetics used. Obviously, in this example of an
observational study, there has been an intervention; an anesthetic has been given. The crucial
distinction is whether the investigator controlled the intervention. An observational study may
reveal differences among treatment groups, but whether such differences are the consequence of
the treatments or of other differences among the patients receiving the treatments will remain
obscure.

Studies of deliberate intervention are further subdivided into those with concurrent controls and



those with historical controls. Concurrent controls are either a simultaneous parallel control group
or a self-control study; historical controls
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include previous studies and literature reports. A randomized controlled trial is thus a
longitudinal, prospective study of deliberate intervention with concurrent controls.

Although most of this discussion about experimental design has focused on human
experimentation, the same principles apply and should be followed in animal experimentation. The
randomized, controlled clinical trial is the most potent scientific tool for evaluating medical
treatment; randomization into treatment groups is relied upon to equally weight the subjects of
the treatment groups for baseline attributes that might predispose or protect the subjects from
the outcome of interest.

Hypothesis Formulation

o Whether the research subjects are tissue preparations, animals, or people, the researcher is
constantly faced with finding both similarities and differences among the diversities of a
group of subjects. The researcher starts the work with some intuitive feel for the phenomenon to

be studied. Whether stated explicitly or not, this is the biologic hypothesis; it is a statement of
experimental expectations to be accomplished by the use of experimental tools, instruments, or
methods accessible to the research team. An example would be the hope that isoflurane would
produce less myocardial ischemia than fentanyl; the experimental method might be the
electrocardiographic determination of ST segment changes. The biologic hypothesis of the
researcher becomes a statistical hypothesis during research planning. The researcher measures
quantities that can vary—variables such as heart rate or temperature or ST segment change. In a
statistical hypothesis, statements are made about the relationship among parameters of one or
more populations. A parameter is a number describing a variable of a population; Greek letters
are used to denote parameters. The typical statistical hypothesis can be established in a
somewhat rote fashion for every research project, regardless of the methods, materials, or goals.
The most frequently used method of setting up the algebraic formulation of the statistical
hypothesis is to create two mutually exclusive statements about some parameters of the study
population (Table 3-2); estimates for the values for these parameters are acquired by sampling
data. In the hypothetical example comparing isoflurane and fentanyl, ¢, and ¢, would represent
the ST segment changes with isoflurane and with fentanyl. The null hypothesis is the hypothesis of
no difference of ST segment changes between isoflurane and fentanyl. The alternative hypothesis
is usually nondirectional, that is, either @, < @, or ¢, > @,; this is known as a two-tail alternative
hypothesis. This is a more conservative alternative hypothesis than assuming that the inequality
can only be either less than or greater than.

TABLE 3-2 Algebraic Statement of Statistical Hypotheses

H, : ®; = @, (null hypothesis)

H, : @, + ¢, (alternative hypothesis)

Q, Parameter estimated from sample of first population

o, Parameter estimated from sample of second population




Logic of Proof

One particular decision strategy is used almost universally to choose between the null and
alternative hypothesis. The decision strategy is similar to a method of indirect proof used in
mathematics called reductio ad absurdum. If a theorem cannot be proved directly, assume that it
is not true; show that the falsity of this theorem will lead to contradictions and absurdities; thus,
reject the original assumption of the falseness of the theorem. For statistics, the approach is to
assume that the null hypothesis is true even though the goal of the experiment is to show that
there is a difference. One examines the consequences of this assumption by examining the actual
sample values obtained for the variable(s) of interest. This is done by calculating what is called a
sample test statistic; sample test statistics are calculated from the sample numbers. Associated
with a sample test statistic is a probability. One also chooses the level of significance; the level of
significance is the probability level considered too low to warrant support of the null hypothesis
being tested. If sample values are sufficiently unlikely to have occurred by chance (i.e., the
probability of the sample test statistic is less than the chosen level of significance), the null
hypothesis is rejected; otherwise, the null hypothesis is not rejected.

Because the statistics deal with probabilities, not certainties, there is a chance that the decision
concerning the null hypothesis is erroneous. These errors are best displayed in table form (Table
3-3); Condition 1 and Condition 2 could be different drugs, two doses of the same drug, or
different patient groups. Of the four possible outcomes, two are clearly undesirable. The error of
wrongly rejecting the null hypothesis (false-positive) is called the type | or alpha error. The
experimenter should choose a probability value for alpha before collecting data; the experimenter
decides how cautious to be about falsely claiming a difference. The most common choice for the
value of alpha is 0.05. What are the consequences of choosing an alpha of 0.05? Assuming that
there is, in fact, no difference between the two conditions and that the experiment is to be
repeated 20 times, then during one of these experimental replications (5% of 20) a mistaken
conclusion that there is a difference would be made. The probability of a type I error depends on
the chosen level of significance and the existence or nonexistence of a difference between the two
experimental conditions. The smaller the chosen alpha, the smaller will be the risk of a type I
error.



TABLE 3-3 Errors in Hypothesis Testing: The Two-Way Truth Table

*REALITY (POPULATION PARAMETERS)

CONDITIONS 1 CONDITIONS 1
AND 2 AND 2 NOT
EQUIVALENT EQUIVALENT
Conclusion from Conditions 1 Correct conclusion False-negative type
Observations and 2 IT error (beta
(Sample Statistics) equivalent? error)
Conditions 1 False-positive type Correct conclusion
and 2 not I error (alpha
equivalent® error)

aDo not reject null hypothesis: Condition 1 = Condition 2.

bReject null hypothesis: Condition 1 + Condition 2.

The error of failing to reject a false null hypothesis (false-negative) is called a type Il or beta
error. The power of a test is 1 minus beta. The probability of a type II error depends on four
factors. Unfortunately, the smaller the alpha, the greater the chance of a false-negative
conclusion; this fact keeps the experimenter from automatically choosing a very small alpha.
Second, the more variability there is in the populations being compared, the greater the chance of
a type II error. This is analogous to listening to a noisy radio broadcast; the more static there is,
the harder it will be to discriminate between words. Next, increasing the number of subjects will
lower the probability of a type II error. The fourth and most important factor is the magnitude of
the difference between the two experimental conditions. The probability of a type II error goes
from very high, when there is only a small difference, to extremely low, when the two conditions
produce large differences in population parameters.

Sample Size Calculations

Discussion of hypothesis testing by statisticians has always included mention of both type I and
type II errors, but researchers have typically ignored the latter error in experimental design. The
practical importance of worrying about type II errors reached the consciousness of the medical
research community several decades ago.* Some controlled clinical trials that claimed to find no
advantage of new therapies compared with standard therapies lacked sufficient statistical
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power to discriminate between the experimental groups and would have missed an important
therapeutic improvement. There are four options for decreasing type II error (increasing statistical
power): (1) raise alpha, (2) reduce population variability, (3) make the sample bigger, and (4)
make the difference between the conditions greater. Under most circumstances, only the sample
size can be varied. Sample size planning has become an important part of research design for
controlled clinical trials. Some published research still fails the test of adequate sample size
planning.

STATISTICAL TESTING

Statistics is a method for working with sets of numbers, a set being a group of objects. Statistics



involves the description of number sets, the comparison of number sets with theoretical models,
comparison between number sets, and comparison of recently acquired number sets with those
from the past. A typical scientific hypothesis asks which of two methods (treatments), X and vV, is
better. A statistical hypothesis is formulated concerning the sets of numbers collected under the
conditions of treatments X and Y. Statistics provides methods for deciding if the set of values
associated with X are different from the values associated with Y. Statistical methods are
necessary because there are sources of variation in any data set, including random biologic
variation and measurement error. These errors in the data cause difficulties in avoiding bias and
in being precise. Bias keeps the true value from being known and fosters incorrect decisions;
precision deals with the problem of the data scatter and with quantifying the uncertainty about the
value in the population from which a sample is drawn. These statistical methods are relatively
independent of the particular field of study. Regardless of whether the numbers in sets X and Y
are systolic pressures, body weights, or serum chlorides, the approach for comparing sets X and Y
is usually the same.

Data Structure

Data collected in an experiment include the defining characteristics of the experiment and the
values of events or attributes that vary over time or conditions. The former are called explanatory
variables and the latter are called response variables. The researcher records his or her
observations on data sheets or case record forms, which may be one to many pages in length, and
assembles them together for statistical analysis. Variables such as gender, age, and doses of
accompanying drugs reflect the variability of the experimental subjects. Explanatory variables, it
is hoped, explain the systematic variations in the response variables. In a sense, the response
variables are dependent on the explanatory variables.

Response variables are also called dependent variables. Response variables reflect the primary
properties of experimental interest in the subjects. Research in anesthesiology is particularly
likely to have repeated measurement variables, that is, a particular measurement recorded more
than once for each individual. Some variables can be both explanatory and response; these are
called intermediate response variables. Suppose an experiment is conducted comparing
electrocardiographic and myocardial responses between five doses of an opioid. One might analyze
how ST segments depended on the dose of opioids; here, maximum ST segment depression is a
response variable. Maximum ST segment depression might also be used as an explanatory variable
to address the more subtle question of the extent to which the effect of an opioid dose on
postoperative myocardial infarction can be accounted for by ST segment changes. The
mathematical characteristics of the possible values of a variable fit into five classifications (Table
3-4). Properly assigning a variable to the correct data type is essential for choosing the correct
statistical technique. For interval variables, there is equal distance between successive intervals;
the difference between 15 and 10 is the same as the difference between 25 and 20. Discrete
interval data can have only integer values, for example, age in years, number of live children, or
papers rejected by a journal. Continuous interval data are measured on a continuum and can be a
decimal fraction; for example, blood pressure can be described as accurately as desired (e.g.,
136, 136.1, or 136.14 mm Hg). The same statistical techniques are used for discrete and
continuous data.

TABLE 3-4 Data Types

DATA TYPE *DEFINITION rEXAMPLES

INTERVAL

Discrete Data measured with an integer only scale Parity, number of teeth




Continuous Data measured with a constant scale Blood pressure,
interval temperature
CATEGORICAL
Dichotomous Binary data Mortality, gender
Nominal Qualitative data that cannot be ordered or Eye color, drug category
ranked
Ordinal Data ordered, ranked, or measured ASA physical status
without a constant scale interval score, pain score

Putting observations into two or more discrete categories derives categorical variables; for
statistical analysis, numeric values are assigned as labels to the categories. Dichotomous data
allow only two possible values, for example, male versus female. Ordinal data have three or more
categories that can logically be ranked or ordered; however, the ranking or ordering of the
variable indicates only relative and not absolute differences between values; there is not
necessarily the same difference between American Society of Anesthesiologists Physical Status
score I and II as there is between III and IV. Although ordinal data are often treated as interval
data in choosing a statistical technique, such analysis may be suspect; alternative techniques for
ordinal data are available. Nominal variables are placed into categories that have no logical
ordering. The eye colors blue, hazel, and brown might be assigned the numbers 1, 2, and 3, but it
is nonsense to say that blue < hazel < brown.
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Descriptive Statistics

o A typical hypothetical data set could be a sample of ages (the variable) of 12 residents in an

anesthesia training program (the population). Although the results of a particular experiment
might be presented by repeatedly showing the entire set of numbers, there are concise ways of
summarizing the information content of the data set into a few numbers. These numbers are called
sample or summary statistics; summary statistics are calculated using the numbers of the sample.
By convention, the symbols of summary statistics are Roman letters. The two summary statistics
most frequently used for interval variables are the central location and the variability, but there
are other summary statistics. Other data types have analogous summary statistics. Although the
first purpose of descriptive statistics is to describe the sample of numbers obtained, there is also
the desire to use the summary statistics from the sample to characterize the population from
which the sample was obtained. For example, what can be said about the age of all anesthesia
residents from the information in a sample? The population also has measures of central location
and variability called the parameters of the population; as previously mentioned, population
parameters are denoted by Greek letters. Usually, the population parameters cannot be directly
calculated, because data from all population members cannot be obtained. The beauty of properly
chosen summary statistics is that they are the best possible estimators of the population
parameters.

o These sampling statistics can be used in conjunction with a probability density function to
provide additional descriptions of the sample and its population. Also commonly described as

a probability distribution, a probability density function is an algebraic equation, f(x), which gives

a theoretical percentage distribution of x. Each value of x has a probability of occurrence given by



f(x). The most important probability distribution is the normal or Gaussian function. There are two
parameters (population mean and population variance) in the equation of the normal function that
are denoted p and o2. Often called the normal equation, it can be plotted and produces the
familiar bell-shaped curve. Why are the mathematical properties of this curve so important to
biostatistics? First, it has been empirically noted that when a biologic variable is sampled
repeatedly, the pattern of the numbers plotted as a histogram resembles the normal curve; thus,
most biologic data are said to follow or to obey a normal distribution. Second, if it is reasonable to
assume that a sample is from a normal population, the mathematical properties of the normal
equation can be used with the sampling statistic estimators of the population parameters to
describe the sample and the population. Third, a mathematical theorem (the central limit theorem)
allows the use of the assumption of normality for certain purposes, even if the population is not
normally distributed.

Central Location

The three most common summary statistics of central location for interval variables are the
arithmetic mean, the median, and the mode. The mean is merely the average of the numbers in
the data set. Being a summary statistic of the sample, the arithmetic mean is denoted by the
Roman letter x under a bar:

I
xX= Z x;
i=1

If all values in the population could be obtained, then the population mean p could be calculated
similarly. Because all values of the population cannot be obtained, the sample mean is used.
(Statisticians describe the sample mean as the unbiased, consistent, minimum variance, sufficient
estimator of the population mean. Estimators are denoted by a hat over a roman letter, for

example

x
. Thus, the sample mean

x
is the estimator

x

of the population mean p.)

The median is the middlemost number or the number that divides the sample into two equal parts.
The median is obtained by first ranking the sample values from lowest to highest and then
counting up halfway. The concept of ranking is used in nonparametric statistics. A virtue of the
median is that it is hardly affected by a few extremely high or low values. The mode is the most
popular number of a sample, that is, the number that occurs most frequently. A sample may have
ties for the most common value and be bi- or polymodal; these modes may be widely separated or
adjacent. The raw data should be inspected for this unusual appearance. The mode is always
mentioned in discussions of descriptive statistics, but it is rarely used in statistical practice.

Spread or Variability

Any set of interval data has variability unless all the numbers are identical. The range of ages
from lowest to highest expresses the largest difference. This spread, diversity, and variability can
also be expressed in a concise manner. Variability is specified by calculating the deviation or
deviate of each individual x; from the center (mean) of all the x,'s. The sum of the squared
deviates is always positive unless all set values are identical. This sum is
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then divided by the number of individual measurements. The result is the averaged squared
deviations; the average squared deviation is ubiquitous in statistics.

The concept of describing the spread of a set of nhumbers by calculating the average distance from
each number to the center of the numbers applies to both a sample and a population; this average
squared distance is called the variance. The population variance is a parameter and is represented
by 02. As with the population mean, the population variance is not usually known and cannot be

calculated. Just as the sample mean is used in place of the population mean, the sample variance



is used in place of the population variance. The sample variance is:
n _ :
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Statistical theory demonstrates that if the divisor in the formula for s? is (n - 1) rather than n, the
sample variance is an unbiased estimator of the population variance. While the variance is used
extensively in statistical calculations, the units of variance are squared units of the original
observations. The square root of the variance has the same units as the original observations; the
square roots of the sample and population variances are called the sample and population
standard deviations.

It was previously mentioned that most biologic observations appear to come from populations with
normal distributions. By accepting this assumption of a normal distribution, further meaning can
be given to the sample summary statistics (mean and standard deviation) that have been

calculated. This involves the use of the expression
x
+ k x s, where k =1, 2, 3, etc. If the population from which the sample is taken is unimodal and

roughly symmetric, then the bounds for 1, 2, and 3 encompasses roughly 68%, 95%, and 99% of
the sample and population members.

Confidence Intervals

A confidence interval describes how likely it is that the population parameter is estimated by any
particular sample statistic such as the mean. (The technical definition of confidence interval is
more rigorous. A 95% confidence interval implies that if the experiment were done over and over
again, then 95 of each 100 confidence intervals would be expected to contain the true value of the
mean.) Confidence intervals are a range of the following form: summary statistic £ (confidence
factor) x (precision factor).

The precision factor is derived from the sample itself, whereas the confidence factor is taken from
a probability distribution and also depends on the specified confidence level chosen. For a sample
of interval data taken from a normally distributed population for which confidence intervals are to

be chosen for

x
, the precision factor is called the standard error of the mean and is obtained by dividing s by the
square root of the sample size:

SE = :7?: - Efn—fiz/rrtr;—'l}

The confidence factors are the same as those used for the dispersion or spread of the sample and
are obtained from the normal distribution. The confidence intervals for confidence factors 1, 2,
and 3 have roughly a 68%, 95%, and 99% chance of containing the population mean. Strictly
speaking, when the standard deviation must be estimated from sample values, the confidence
factors should be taken from the t distribution, another probability distribution. These coefficients
will be larger than those used above. This is usually ignored if the sample size is reasonable, for
example, n > 25. Even when the sample size is only five or greater, the use of the coefficients 1,
2, and 3 is simple and sufficiently accurate for quick mental calculations of confidence intervals on
parameter estimates.

Almost all research reports include the use of SE, regardless of the probability distribution of the
populations sampled. This use is a consequence of the central limit theorem—one of the most
remarkable theorems in all of mathematics. The central limit theorem states that the SE can
always be used, if the sample size is sufficiently large, to specify confidence intervals around the
sample mean containing the population mean. These confidence intervals are calculated as
described above. This is true even if the population distribution is so different from normal that s
cannot be used to characterize the dispersion of the population members. Only rough guidelines
can be given for the necessary sample size; for interval data, 25 and above is large enough and 4



and below is too small.

Although the SE is discussed along with other descriptive statistics, it is really an inferential
statistic. Standard error and standard deviation are mentioned together because of their
similarities of computation and because of the confusion of their use in research reports. This use
is most often of the form “mean £ number;” some confusion results from the failure of the author
to specify whether the number after the £ sign is the one or the other. More important, the choice
between using s and using SE has become controversial; because SE is always less than s, it has
been argued that authors seek to deceive by using SE to make the data look better than they
really are. The choice is actually simple. When describing the spread, scatter, or dispersion of the
sample, use the standard deviation; when describing the precision with which the population
center is known, use the standard error.

Proportions

Categorical binary data, also called enumeration data, provide counts of subject responses. Given
a sample of subjects of whom some have a certain characteristic (e.g., death, female sex), a ratio
of responders to the number of subjects can be easily calculated as p = x/n; this ratio or rate can
be expressed as a decimal fraction or as a percentage. It should be clear that this is a measure of
central location of a binary data in the same way that p was a measure of central location for
continuous data. In the population from which the sample is taken, the ratio of responders to total
subjects is a population parameter, denoted n; n is the measure of central location for the
population. This is not related to the geometry constant pi (n = 3.14159K). As with other data
types, n is usually not known but must be estimated from the sample. The sample ratio p is the
best estimate of n. The probability of binary data is provided by the binomial distribution function.

Since the population is not generally known, the experimenter usually wishes to estimate n by the
sample ratio p and to specify with what confidence n is known. If the sample is sufficiently large
(nxp=25;nx(1l-p)=05), advantage is taken of the central limit theorem to derive a standard
error analogous to that derived for interval data:
SE — .'II p=(1—p)

¥ ]
This sample standard error is exactly analogous to the sample standard error of the mean for
interval data, except that it is
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a standard error of the proportion. Just as a 95% confidence limit of the mean was calculated, so
may a confidence limit on the proportion may be obtained. Larger samples and rates closer to 0.5
will make the confidence intervals more and more precise.

Inferential Statistics

There are two major areas of statistical inference: the estimation of parameters and the testing of
hypotheses. The use of the SE to create confidence intervals is an example of parameter
estimation. The testing of hypotheses or significance testing is the main focus of inferential
statistics. Hypothesis testing allows the experimenter to use data from the sample to make
inferences about the population. Statisticians have created formulas that use the values of the
samples to calculate test statistics. Statisticians have also explored the properties of various
theoretical probability distributions. Depending on the assumptions about how data are collected,
the appropriate probability distribution is chosen as the source of critical values to accept or
reject the null hypothesis. If the value of the test statistic calculated from the sample(s) is
greater than the critical value, the null hypothesis is rejected. The critical value is chosen from
the appropriate probability distribution after the magnitude of the type I error is specified.

There are parameters within the equation that generate any particular probability distribution; for
the normal probability distribution, the parameters are y and o2. For the normal distribution, each
set of values for p and o? will generate a different shape for the bell-like normal curve. All
probability distributions contain one or more parameters and can be plotted as curves; these
parameters may be discrete (integer only) or continuous. Each value or combination of values for



these parameters will create a different curve for the probability distribution being used. Thus,
each probability distribution is actually a family of probability curves. Some additional parameters
of theoretical probability distributions have been given the special name degrees of freedom and
are represented by the letters m, n, p, and s.

Associated with the formula for computing a test statistic is a rule for assigning integer values to
the one or more parameters called degrees of freedom. The number of degrees of freedom and the
value for each degree of freedom depend on (1) the number of subjects, (2) the number of
experimental groups, (3) the specifics of the statistical hypothesis, and (4) the type of statistical
test. The correct curve of the probability distribution from which to obtain a critical value for
comparison with the value of the test statistic is obtained with the values of one or more degrees
of freedom.

To accept or reject the null hypothesis, the following steps are performed: (1) confirm that
experimental data conform to the assumptions of the intended statistical test; (2) choose a
significance level (alpha); (3) calculate the test statistic; (4) determine the degree(s) of freedom;
(5) find the critical value for the chosen alpha and the degree(s) of freedom from the appropriate
probability distribution; (6) if the test statistic exceeds the critical value, reject the null
hypothesis; (7) if the test statistic does not exceed the critical value, do not reject the null
hypothesis. There are general guidelines that relate the variable type and the experimental design
to the choice of statistical test (Table 3-5).

TABLE 3-5 When to Use What
VARIABLE ONE-SAMPLE "TWO-SAMPLE TESTS MULTIPLE-SAMPLE
TYPE TESTS TESTS
Dichotomous Binomial chi-square test, chi-square test
or nominal distribution Fisher's Exact test
Ordinal chi-square test chi-square test, chi-square test,
nonparametric tests nonparametric tests
Continuous or z distribution Unpaired t test, Analysis of variance,
discrete ort paired t test, nonparametric analysis
distribution nonparametric tests of variance

Dichotomous Data

In the experiment negating the value of mammary artery ligation, 5 of 8 patients (62.5%) having
ligation showed benefit while 5 of 9 patients (55.6%) having sham surgery also had benefit.! Is
this difference real? This experiment sampled patients from two populations—those having the real
procedure and those having the sham procedure; the display of such results is usually presented
as a contingency table (Table 3-6). A variety of statistical techniques allow a comparison of the
success rate. These include Fishers exact test and (Pearson's) chi-square test. The chi-square test
offers the advantage of being computationally simpler; it can also analyze contingency tables with
more than two rows and two columns; however, certain assumptions of sample size and response
rate are not achieved by this experiment. Fishers exact test fails to reject the null hypothesis for
this data.

TABLE 3-6 Mammary Artery Ligation for Angina Pectoris



*TREATMENT

*OUTCOMES ACTUAL LIGATION SHAM LIGATION
Improved 5 (62.5%) 5 (55.6%)
Not improved 3 (37.5%) 4 (44.4%)

Fishers exact test: p >> 0.05.

Rate Ratio = 62.5%/55.6% = 1.125, 95% Confidence Interval (0.47 to 2.7); p >> 0.05.

The results of such experiments are often presented as rate ratios. The ratio of improvement for
the experimental group (62.5%) is divided by the ratio of improvement for the control group
(55.6%). A rate ratio of 1.00 (100%) fails to show a difference of benefit or harm between the
two groups. In this example the rate ratio is 1.125. Thus the experimental group had a 112.5%
chance of improvement compared to the control group. A confidence interval can be calculated for
the rate ratio; in this example it is widely spread to either side of the 1—a confidence interval of
no difference.

Interval Data

Parametric statistics are the usual choice in the analysis of interval data, both discrete and
continuous. The purpose of such analysis is to test the hypothesis of a difference between
population means. The population means are unknown and are estimated by the sample means. A
typical example would be
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the comparison of the mean heart rates of patients receiving and not receiving atropine.
Parametric test statistics have been developed by using the properties of the normal probability
distribution and two related probability distributions, the t and the F distributions. In using such
parametric methods, the assumption is made that the sample or samples is/are drawn from
population(s) with a normal distribution. The parametric test statistics that have been created for
interval data all have the form of a ratio. In general terms, the numerator of this ratio is the
variability of the means of the samples; the denominator of this ratio is the variability among all
the members of the samples. These variabilities are similar to the variances developed for
descriptive statistics. The test statistic is thus a ratio of variabilities or variances. All parametric
test statistics are used in the same fashion; if the test statistic ratio becomes large, the null
hypothesis of no difference is rejected. The critical values against which to compare the test
statistic are taken from tables of the three relevant probability distributions. By definition, in
hypothesis testing, at least one of the population means is unknown, but the population variance
(s) may or may not be known. Parametric statistics can be divided into two groups according to
whether or not the population variances are known. If the population variance is known, the test
statistic used is called the z score; critical values are obtained from the normal distribution. In
most biomedical applications, the population variance is rarely known and the z score is little
used.

T TEST

An important advance in statistical inference came early in the twentieth century with the creation
of Student's t test statistic and the t distribution, which allowed the testing of hypotheses when
the population variance is not known. The most common use of Student's t test is to compare the



mean values of two populations. There are two types of t test. If each subject has two
measurements taken, for example, one before (x;,) and one after a drug (y,), then a one sample or
paired t test procedure is used; each control measurement taken before drug administration is
paired with a measurement in the same patient after drug administration. Of course, this is a self-
control experiment. This pairing of measurements in the same patient reduces variability and
increases statistical power. The difference d, = x; - y, of each pair of values is calculated and the

average
d

is calculated. In the formula for Student's t statistic, the numerator is
d

, Whereas the denominator is the standard error of
d

(SE
d

):

i B
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All t statistics are created in this way; the numerator is the difference of two means, whereas the
denominator is the standard error of the two means. If the difference between the two means is
large compared with their variability, then the null hypothesis of no difference is rejected. The
critical values for the t statistic are taken from the t probability distribution. The t distribution is
symmetric and bell-shaped but more spread out than the normal distribution. The t distribution
has a single integer parameter; for a paired t test, the value of this single degree of freedom is
the sample size minus one. There can be some confusion about the use of the letter t. It refers
both to the value of the test statistic calculated by the formula and to the critical value from the
theoretical probability distribution. The critical t value is determined by looking in a t table after a
significance level is chosen and the degree of freedom is computed.

More commonly, measurements are taken on two separate groups of subjects. For example, one
group receives blood pressure treatment (x;), whereas no treatment is given to a control group

(y;). The number of subjects in each group might or might not be identical; regardless of this, in
no sense is an individual measurement in the first group matched or paired with a specific
measurement in the second group. An unpaired or two-sample t test is used to compare the means

of the two groups. The numerator of the t statistic is

x

y
. The denominator is a weighted average of the SEs of each sample. The degree of freedom for an
unpaired t test is calculated as the sum of the subjects of the two groups minus two. As with the

paired t test, if the t ratio becomes large, the null hypothesis is rejected.

Multiple Comparisons and Analysis of Variance

Experiments in anesthesia, whether they are with humans or with animals, may not be limited to
one or two groups of data for each variable. It is very common to follow a variable longitudinally;
heart rate, for example, might be measured five times before and during anesthetic induction.
These are also called repeated measurement experiments; the experimenter will wish to compare
changes between the initial heart rate measurement and those obtained during induction. The
experimental design might also include several groups receiving different induction drugs, for
example, comparing heart rate across groups immediately after laryngoscopy. Researchers have
mistakenly handled these analysis problems with the t test. If heart rate is collected five times,
these collection times could be labeled A, B, C, D, and E. Then A could be compared with B, C, D,
and E; B could be compared with C, D, and E; and so forth. The total of possible pairings is ten;
thus, ten paired t tests could be calculated for all the possible pairings of A, B, C, D, and E. A
similar approach can be used for comparing more than two groups for unpaired data.

The use of t tests in this fashion is inappropriate. In testing a statistical hypothesis, the
experimenter sets the level of type I error; this is usually chosen to be 0.05. When using many t
tests, as in the example given earlier, the chosen error rate for performing all these t tests is



much higher than 0.05, even though the type I error is set at 0.05 for each individual comparison.
In fact, the type I error rate for all t tests simultaneously, that is, the chance of finding at least
one of the multiple t test
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statistics significant merely by chance, is given by the formula a = 1 - 0.95%, If 13 t tests are
performed (k = 13), the real error rate is 49%. Applying t tests over and over again to all the
possible pairings of a variable will misleadingly identify statistical significance when there is, in
fact, none.

The most versatile approach for handling comparisons of means between more than two groups or
between several measurements in the same group is called analysis of variance and is frequently
cited by the acronym ANOVA. Analysis of variance consists of rules for creating test statistics on
means when there are more than two groups. These test statistics are called F ratios, after Ronald
Fisher; the critical values for the F test statistic are taken from the F probability distribution that
Fisher derived.

Suppose that data for three groups are obtained. What can be said about the mean values of the
three target populations? The F test is actually asking several questions simultaneously: is group
1 different from group 2; is group 2 different from group 3; and is group 1 different from group 3?
As with the t test, the F test statistic is a ratio; in general terms, the numerator expresses the
variability of the mean values of the three groups, whereas the denominator expresses the
average variability or difference of each sample value from the mean of all sample values. The
formulas to create the test statistic are computationally elegant but are rather hard to appreciate
intuitively. The F statistic has two degrees of freedom, denoted m and n; the value of mis a
function of the number of experimental groups; the value for n is a function of the number of
subjects in all experimental groups. The analysis of multigroup data is not necessarily finished
after the ANOVAs are calculated. If the null hypothesis is rejected and it is accepted that there are
differences among the groups tested, how can it be decided where the differences are? A variety
of techniques are available to make what are called multiple comparisons after the ANOVA test is
performed.

Robustness and Nonparametric Tests

Most statistical tests depend on certain assumptions about the nature of the distribution of values
in the underlying populations from which experimental samples are taken. For the parametric
statistics, that is, t tests and analysis of variance, it is assumed that the populations follow the
normal distribution. However, for some data, experience or historical reasons suggest that these
assumptions of a normal distribution do not hold; some examples include proportions,
percentages, and response times. What should the experimenter do if he or she fears that the
data are not normally distributed?

The experimenter might choose to ignore the problem of nonnormal data and inhomogeneity of
variance, hoping that everything will work out. Such insouciance is actually a very practical and
reasonable approach to the problem. Parametric statistics are called “robust” statistics; they stand
up to much adversity. To a statistician, robustness implies that the magnitude of type I errors is
not seriously affected by ill-conditioned data. Parametric statistics are sufficiently robust that the
accuracy of decisions reached by means of t tests and analysis of variance remains very credible,
even for moderately severe departures from the assumptions.

Another possibility would be to use statistics that do not require any assumptions about
probability distributions of the populations. Such statistics are known as nonparametric tests; they
can be used whenever there is very serious concern about the shape of the data. Nonparametric
statistics are also the tests of choice for ordinal data. The basic concept behind nonparametric
statistics is the ability to rank or order the observations; nonparametric tests are also called order
statistics.

Most nonparametric statistics still require the use of theoretical probability distributions; the
critical values that must be exceeded by the test statistic are taken from the binomial, normal,
and chi-square distributions, depending on the nonparametric test being used. The nonparametric



sign test, Mann-Whitney rank sum test, and Kruskal-Wallis one-way analysis of variance are
analogous to the paired t test, unpaired t test, and one-way analysis of variance, respectively.
The currently available nonparametric tests are not used more commonly because they do not
adapt well to complex statistical models and because they are less able than parametric tests to
distinguish between the null and alternative hypotheses if the data are, in fact, normally
distributed.

Interpretation of Results

Scientific studies do not end with the statistical test. The experimenter must submit an opinion as
to the generalizability of his or her work to the rest of the world. Even if there is a statistically
significant difference, the experimenter must decide if this difference is medically or
physiologically important. Statistical significance does not always equate with biologic relevance.
The questions an experimenter should ask about the interpretation of results are highly dependent
on the specifics of the experiment. First, even small, clinically unimportant differences between
groups can be detected if the sample size is sufficiently large. On the other hand, if the sample
size is small, one must always worry that identified or unidentified confounding variables may
explain any difference; as the sample size decreases, randomization is less successful in assuring
homogenous groups. Second, if the experimental groups are given three or more doses of a drug,
do the results suggest a steadily increasing or decreasing dose-response relationship? Suppose
the observed effect for an intermediate dose is either much higher or much lower than that for
both the highest and lowest dose; a dose-response relationship may exist, but some skepticism
about the experimental methods is warranted. Third, for clinical studies comparing different drugs,
devices, and operations on patient outcome, are the patients, clinical care, and studied therapies
sufficiently similar to those provided at other locations to be of interest to a wide group of
practitioners? This is the distinction between efficacy—does it work under the best (research)
circumstances—and effectiveness—does it work under the typical circumstances of routine clinical
care. Finally, in comparing alternative therapies, the confidence that a claim for a superior
therapy is true depends on the study design. The strength of the evidence concerning efficacy will
be least for an anecdotal case report; next in importance will be a retrospective study, then a
prospective series of patients compared with historical controls, and finally a randomized,
controlled clinical trial. The greatest strength for a therapeutic claim is a series of randomized,
controlled clinical trials confirming the same hypothesis. There is now considerable enthusiasm for
the formal synthesis and combining of results from two or more trials.

READING JOURNAL ARTICLES

Thousands of words are written each year in journal articles relevant to anesthesia. No one can
read them all. How should the clinician determine which articles are useful? All that is possible is
to learn to rapidly skip over most articles and concentrate on the few selected for their importance
to the reader. Those few should be chosen according to their relevance and credibility. Relevance
is determined by the specifics of one's anesthetic practice. Credibility is a function of the merits of
the research methods, the experimental design, and the statistical
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analysis; the more proficient one's statistical skills, the more rapidly one can accept or reject the
credibility of a research article.

Guidelines

Six easily remembered appraisal criteria for clinical studies can be fashioned from the words WHY,
HOW, WHO, WHAT, HOW MANY, and SO WHAT: (1) WHY: Is the biologic hypothesis clearly stated?
(2) HOW: What is the research design? (3) WHO: Is the target population clearly defined? (4)
WHAT: How was the therapy administered and the data collected? (5) HOW MANY: Are the test
statistics convincing? (6) SO WHAT: Is it clinically relevant to my patients? Although the
statistical knowledge of most physicians is limited, these skills of critical appraisal of the
literature can be learned and can tremendously increase the efficiency and benefit of journal
reading.



Resources in journal reading, print and electronic, are now widely available. For example, The
Evidenced-Based Medicine Working Group—a group of mainly Canadian physicians and statisticians
from McMaster University, Ontario, Canada—has been organized to de-emphasize a foundation of
unsystematic clinical experience, clinical intuition, and pathophysiologic rationale as the basis for
medical decision and to teach the systematic evaluation of published evidence. Now combined in a
single volume, detailed topics range from “How to Use an Article about Therapy or Prevention” to
“How to Use an Article about Disease Probability for Differential Diagnosis.”®> This material is also
available interactively (http://www.ugi.usersguides.org/UGI/default.asp accessed 30-JUL-2004).

Statistical Resources

Accompanying the exponential growth of medical information since World War II has been the
creation of a wealth of biostatistical knowledge. Textbooks with expositions of basic, intermediate,
and advanced statistics abound.®7:8 There are new journals of biomedical statistics, including
Clinical Trials, Statistics in Medicine, and Statistical Methods in Medical Research, whose
audiences are both statisticians and biomedical researchers. Some medical journals, for example,
the British Medical Journal, regularly publish expositions of both basic and newer advanced
statistical methods. Extensive Internet resources can be linked from the home page of the long
established American Statistical Association (http://0-www.amstat.org.innopac.up.ac.za:80/
accessed 30-JUL-2004) and at the StatLib (http://0-www.lib.stat.cmu.edu.innopac.up.ac.za:80/
accessed 30-JUL-2004) of Carnegie Mellon University including electronic textbooks of basic
statistical methods, online statistical calculators, standard data sets, reviews of statistical

software, and so on.

Example of Newer Statistics

o Reports using a new type of research method—the systematic review—have become

commonplace over the last 15 years in anesthesia journals. (As of July 2004, a literature
search for “systematic review AND anesthesia” in PubMed at the National Library of Medicine
returned 695 citations out of a total of 82,484 citations for systematic reviews [http://0-
www.ncbi.nlm.nih.gov.innopac.up.ac.za:80/entrez accessed 15-JUL-2004].) In systematic reviews,
a focused question drives the research, for example, (1) Transient neurologic symptoms (TNS)

following spinal anaesthesia with lidocaine versus other local anaesthetic® or (2) Ventilation with
lower tidal volumes versus traditional tidal volumes in adults for acute lung injury and acute
respiratory distress syndrome.!? These titles reveal some of the research design of a systematic
review. There is a population of interest: (1) patients having spinal anesthesia and (2) adults
[with] acute lung injury and acute respiratory distress syndrome. There is an intervention versus a
comparison group: (1) lidocaine versus other local anaesthetics and (2) ventilation with lower
tidal volumes versus traditional tidal volumes. There is an outcome for choosing success or
failure: (1) occurrence of transient neurologic symptoms (TNS) and (2) 28-day mortality (listed in
text).

To answer the experimental question, data are obtained from randomized controlled trials already
in the medical literature rather than from direct experimentation; the basic unit of analysis of this
observational research is the published study. The researchers, also called the reviewers, proceed
through a structured protocol, which includes in part: (1) choice of study inclusion/exclusion
criteria, (2) explicitly defined literature searching, (3) abstraction of data from included studies,
(4) appraisal of data quality, (5) systematic pooling of data, and (6) discussion of inferences.
Binary outcomes (yes/no, alive/dead, presence/absence) within a study are usually compared by
the relative risk (rate ratio) statistic. If there is sufficient clinical similarity among the included
studies, a summary relative risk of the overall effect of the comparison treatments is estimated by
meta-analysis; meta-analysis is a set of statistical techniques for combining results from different
studies. The calculations for the statistical analyses of a meta-analysis are unfamiliar to most, but
are not difficult. The results of a meta-analysis are usually present in a figure called a forest plot
(see Fig 3-1).° The left-most column identifies the included studies and the observed data. The
horizontal lines and diamond shapes are graphical representations of individual study relative risk
and summary relative risk, respectively; the right-most column of the figure lists the relative risks



with 95% Confidence Intervals for the individual studies and the summary statistics. There are
also descriptive and inferential statistics concerning the statistical heterogeneity of the meta-
analysis and the significance of the summary statistics.

An examination of Figure 3-1 shows that many of the individual studies (8 of 12) had wide,
nonsignificant confidence intervals that touch or cross the relative risk of identity (RR = 1). In
this systematic review of TNS there were three subgroup comparisons: spinal lidocaine versus
bupivacaine, prilocaine, and procaine; for each subgroup the relative risk of TNS was 6 to 7 times
higher for lidocaine and the overall relative risk calculated from all studies was 7.13 with a 95%
Confidence Interval [3.92, 12.95]. The power of summary statistics to combine evidence is clear.
The reviewers concluded: “Lidocaine can cause transient neurologic symptoms (TNS) in every
seventh patient who receives spinal anaesthesia. The relative risk of developing TNS is about
seven times higher for lidocaine than for bupivacaine, prilocaine, and procaine. These painful
symptoms disappear completely by the tenth postoperative day.”?
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FIGURE 3-1. Forest plot modified from Graph 02/01 in Zaric D, Christiansen C, Pace NL,
Punjasawadwong Y. Transient neurologic symptoms (TNS) following spinal anaesthesia with
lidocaine versus other local anaesthetics (Cochrane Review). In: The Cochrane Library, Issue
3. Chichester, UK: John Wiley & Sons, Ltd., 2004. Copyright Cochrane Library, reproduced
with permission.

The promotion of systematic reviews comes from several sources. Many come from the individual
initiative of researchers who publish their results as stand alone reports in the journals of
medicine and anesthesia. The American Society of Anesthesiologists has developed a process for
the creation of practice parameters that includes among other things a variant form of systematic
reviews. The most prominent proponent of systematic reviews is the Cochrane Collaboration,
Oxford, UK. "The Cochrane Collaboration is an international non-profit and independent
organization, dedicated to making up-to-date, accurate information about the effects of health
care readily available worldwide. It produces and disseminates systematic reviews of health care
interventions and promotes the search

for evidence in the form of clinical trials and other studies of interventions. The Cochrane
Collaboration was founded in 1993 and named for the British epidemiologist, Archie

P.74



Cochrane” (http://www.cochrane.org, accessed July 31, 2004).

There are more than 50 collaborative review groups that provide the editorial control and
supervision of systematic reviews; one of these, located in Copenhagen, prepares and maintains
the accessibility of systematic reviews of the effects of health care interventions in the areas of
anesthesia, perioperative medicine, intensive care medicine, and so on (http://www.cochrane-
anaesthesia.suite.dk, accessed July 31, 2004). The Cochrane Collaboration has extensive
documentation available electronically explaining the techniques of systematic reviews and meta-
analysis. Introductory textbooks of biostatistics now include expositions on systematic reviews
also.®

CONCLUSION

One intent of this chapter is to present the scope of support that the discipline of statistics can
provide to anesthesia research. Although an intuitive understanding of certain basic principles is
emphasized, these basic principles are not necessarily simple and have been developed by
statisticians with great mathematical rigor. Academic anesthesia needs more workers to immerse
themselves in these statistical fundamentals. Having done so, these statistically knowledgeable
academic anesthesiologists will be prepared to improve their own research projects, to assist their
colleagues in research, to efficiently seek consultation from the professional statistician, to
strengthen the editorial review of journal articles, and to expound to the clinical reader the whys
and wherefores of statistics. The clinical reader also needs to expend his or her own effort to
acquire some basic statistical skills. Journals are increasingly difficult to understand without some
basic statistical understanding. Some clinical problems can be best understood with a perspective
based on probability. Finally, understanding principles of experimental design can prevent
premature acceptances of new therapies from faulty studies.
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Chapter 4
Occupational Health

Arnold J. Berry
Jonathan D. Katz

KEY POINTS

o With the use of scavenging equipment, routine machine maintenance, and
appropriate work practices, exposure to waste anesthetic gases can be reduced
to levels below those recommended by National Institute for Occupational
Safety and Health (NIOSH).

o Twenty-four percent of anesthesia personnel manifest evidence of contact
dermatitis in response to latex exposure and approximately 15% are sensitized
and vulnerable to allergic reactions.

o Vigilance is one of the most critical tasks performed by anesthesiologists. The
vigilance task is adversely affected by several factors including poor equipment
engineering and design, excessive noise in the operating room, impediments to
interpersonal communication, production pressure, and fatigue.

o Sleep deprivation and fatigue are common among anesthesiologists. Sleep
deprivation can have deleterious effects on cognition, performance, mood, and
health.

o The risk of exposure to infectious pathogens can be reduced by the routine use

of standard precautions, appropriate isolation precautions for infected patients,
and safety devices designed to prevent needlestick injuries.

o Hepatitis B vaccine is recommended for all anesthesia personnel because of the
increased risk for occupational transmission of this bloodborne pathogen.

o Many consider chemical dependency to be the primary occupational hazard
among anesthesiologists. An incidence of 1 to 2% of controlled substance abuse
has been repeatedly reported within anesthesia training programs.

9 It remains controversial whether anesthesiologists are, on average, vulnerable
to premature death. However, by correcting for the fact that living
anesthesiologists are, on average, younger than most other specialists, it is




apparent that anesthesiologists do not die younger.

Anesthesia personnel spend long hours, in fact, most of their waking days, in an environment filled
with many potential hazards—the operating room. This setting is unique among workplaces as a
result of the potential exposure to chemical vapors, ionizing radiation, and infectious agents.
Additionally, anesthesia personnel are subject to heightened levels of psychological stress
engendered by the high-stakes nature of the practice. Although such physical hazards as fires and
explosions from flammable anesthetic agents are currently of limited concern, occupational
illnesses, such as alcohol and drug abuse, are well recognized as significant within the anesthesia
community. Some hazards, such as exposure to trace levels of waste anesthetic gases, have been
extensively studied. Others, like suicide, have been recognized but not adequately pursued. Only
within the past few decades have epidemiologic surveys been conducted to assess the health of
anesthesia personnel. In general, the potential health risks to those working in the operating room
may be significant, but with awareness of the problems and the use of proper precautions, they
are not formidable.

PHYSICAL HAZARDS

Anesthetic Gases

Although the inhalation anesthetics diethyl ether, nitrous oxide, and chloroform were first used in
the 1840s, the biologic effects of occupational exposure to anesthetic agents were not investigated
until the 1960s. Reports on the effects of chronic environmental exposure to anesthetics have
included epidemiologic surveys, in vitro studies, cellular research, and studies in laboratory
animals and humans. Areas addressed include the potential influence of trace anesthetic
concentrations on the
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incidence in affected populations of the following: death, infertility, spontaneous abortion,
congenital malformations, cancer, hematopoietic diseases, liver disease, neurologic disease,
psychomotor, and behavioral changes.

Anesthetic Levels in the Operating Room

Early investigators established that significant levels of ether were present in the operating room
when the open drop technique was used, but the first report of occupational exposure to modern
anesthetics was by Linde and Bruce in 1969.! They sampled air at various distances from the “pop-
off” valve of anesthesia machines and noted an average concentration of halothane of 10 parts per
million (ppm) and of nitrous oxide of 130 ppm. (Parts per million is a volume-per-volume unit of
measurement; 10,000 ppm equals 1%.) End-expired air samples taken from 24 anesthesiologists
after work revealed O to 12 ppm of halothane. It was later demonstrated that with appropriate
scavenging equipment and adequate air exchange in the operating room, levels of waste



anesthetic gases could be significantly reduced.

Waste anesthetic concentrations in modern operating rooms where routine scavenging is
performed are considerably less than those found in the early studies.?'® This raises the questions
of whether chronic exposure to these low levels of waste anesthetic gases actually constitutes a
significant occupational hazard and whether results from studies performed in “unscavenged”
operating rooms are applicable to current practice.

Epidemiologic Studies

Epidemiologic surveys were among the first studies to suggest the possibility of a hazard resulting
from exposure to trace levels of anesthetics. Although epidemiologic studies may be useful in
assessing problems of this type, they have the potential for errors associated with the collection
of data and their interpretation. Valid epidemiologic studies require appropriate design strategies
including the presence of an appropriate control group for the cohort being studied. When
questionnaires are used to obtain personal medical information, the data may be misleading
because individuals may knowingly or unknowingly give incorrect information based solely on
remembered data. Cause-and-effect relationships or causality cannot be documented by
epidemiologic studies unless all other possible etiologies (confounders) can be ruled out or other
lines of evidence are used for substantiation. Few epidemiologic studies on the effects of
occupational exposure to waste anesthetic gases fulfill these design criteria.

Reproductive Outcome. One of the largest epidemiologic studies to assess the effects of trace
anesthetics on reproductive outcome was conducted by the American Society of Anesthesiologists
(ASA).4 Questionnaires were sent to 49,585 operating room personnel who had potential exposure
to waste anesthetic gases (members of the ASA, the American Association of Nurse Anesthetists,
the Association of Operating Room Nurses, and the Association of Operating Room Technicians). A
nonexposed group of 23,911 from the American Academy of Pediatrics and the American Nurses'’
Association served as controls. Analyses of these data indicated that there was an increased risk
of spontaneous abortion and congenital abnormalities in children of women who worked in the
operating room and an increased risk of congenital abnormalities in offspring of unexposed wives
of male operating room personnel. Several reviews have identified inconsistencies in the data used
to compare exposed and unexposed groups and to make within-group comparisons. Expected
levels of anesthetic exposure did not correlate with reproductive outcome.

The ASA subsequently commissioned a group of epidemiologists and biostatisticians to evaluate
and assess conflicting data from published epidemiologic surveys.® After analysis of methods, they
found only five studies on spontaneous abortion and congenital abnormalities in offspring of
anesthesia personnel that were free of errors in study design or statistical analysis. From these
studies, the relative risks (the ratio of the rate of disease among those exposed to that found in
those not exposed) of spontaneous abortion for female physicians and female nurses working in
the operating room were 1.4 and 1.3, respectively (a relative risk of 1.3 represents a 30%
increase in risk when compared with the risk of the control population). The increased relative risk
for congenital abnormalities was of borderline statistical significance for exposed physicians only.
Although they found a statistically significant relative risk of spontaneous abortion and congenital
abnormalities in women working in the operating room, the relative risk was small compared with
other, better-documented environmental hazards. They also pointed out that duration and level of
anesthetic exposure were not measured in any of the studies and that other confounding factors,
such as stress, infections, and radiation exposure, were not considered.

Because personnel working in some dental operatories have exposure to nitrous oxide, the dental
literature has also addressed these issues. One pertinent study used data collected via telephone
interviews with 418 female dental assistants to assess the effect of nitrous oxide exposure on
fertility.® Fecundability (the ability to conceive, which is measured by the time to pregnancy
during periods of unprotected sexual intercourse) was significantly reduced in women with 5 or
more hours of exposure to unscavenged nitrous oxide per week. In another study of 7,000 female
dental assistants, questionnaires were used to determine rates of spontaneous abortion.” There
was an increased rate of spontaneous abortion among women who worked for 3 or more hours per



week in offices not using scavenging devices for nitrous oxide (relative risk [RR] = 2.6, adjusted
for age, smoking, and number of amalgams prepared per week). These findings must be viewed
with caution because the estimates of nitrous oxide exposure were based solely on respondents’
reports, and measurements of nitrous oxide concentrations in the work space were not performed.
Therefore, dose—effect relationships cannot be confirmed. It is important to note that in both
studies of female dental assistants, use of nitrous oxide in offices with scavenging devices was not
associated with an increased risk for adverse reproductive outcomes.®%7

A meta-analysis of 19 epidemiologic studies, which included hospital workers, dental assistants,
and veterinarians and veterinary assistants, demonstrated an increased risk of spontaneous
abortion in women with occupational exposure to anesthetic gases (RR = 1.48; 95% confidence
interval, 1.40 to 1.58).8 Additional analysis demonstrated that the relative risk of 1.48
corresponded to an increased absolute risk of abortion of 6.2%. Stratification by job category
indicated that the relative risk was greatest for veterinarians (RR = 2.45), followed by dental
assistants (RR = 1.89) and hospital workers (RR = 1.30). When the meta-analysis was confined to
five studies that controlled for several nonoccupational confounding variables, had appropriate
control groups, and had sufficient response rate, the relative risk for spontaneous abortion was
1.90 (95% confidence interval, 1.72 to 2.09). The author noted that the routine use of scavenging
devices has been implemented since the time that most of the studies in this analysis were
performed and that there was no risk of spontaneous abortion in studies of personnel that worked
in scavenged environments.

Retrospective surveys of large numbers of women who worked during pregnancy indicate that
negative reproductive outcomes may be related to job-associated conditions other than exposure
to trace anesthetic gases. A survey of 3,985 Swedish midwives demonstrated that night work was
significantly associated with spontaneous abortions after the twelfth week of pregnancy (OR =
3.33), while exposure to nitrous oxide appeared to have no effect.® Using a case-control

study design, Luke et al'® found that increased work hours, hours worked while standing, and
occupational fatigue were associated with preterm birth in obstetric and neonatal nurses. These
and other studies have provided data that link spontaneous abortion in women working in health
care to job-related factors other than exposure to trace anesthetic gases. This casts doubt on the
validity of earlier studies that did not control for occupational stresses such as fatigue, long work
hours, and night shifts.

Although many of the existing epidemiologic studies have potential flaws in design, the evidence
taken as a whole suggests that there is a slight increase in the relative risk of spontaneous
abortion and congenital abnormalities in offspring for female physicians working in the operating
room.!! Whether these findings are attributable to anesthetic exposure or other work-related
conditions cannot be definitely determined from this type of investigation. Well-designed surveys
of large numbers of personnel and appropriate control groups, controlled for other factors such as
work hours and night shifts, are necessary to link trace anesthetic exposures to adverse
reproductive outcomes. The routine use of scavenging techniques has generally lowered
environmental anesthetic levels in the operating room and may make it more difficult to prove any
adverse reproductive effects using epidemiologic data. Although it is easy to measure and quantify
the levels of anesthetic in the operating room air, it is harder to measure and assess the effect of
other possible factors, such as stress, alterations in working schedule, and fatigue.

Neoplasms and Other Nonreproductive Diseases. One of the first surveys enumerating causes
of death among anesthesiologists was reported by Bruce et al in 1968.'2 The authors compared
the death rates of members of the ASA from 1947 to 1966 with those for American men and male
policyholders of a large insurance company. There was a higher death rate among male
anesthesiologists from malignancies of the lymphoid and reticuloendothelial tissues and from
suicide, but a lower death rate from lung cancer and coronary artery disease.

In a subsequent prospective study, Bruce et al’3 compared the causes of death in ASA members
during the years 1967 to 1971 with those of men insured by one company. The overall death rate
for ASA members was lower than for the controls, and contrary to the previous results, there was

P.78



no increase in death rates from malignancies of lymphoid and reticuloendothelial tissues. The
authors concluded that their data provided no evidence to support the speculation that lymphoid
malignancies were an occupational hazard for anesthesiologists.

An ASA-sponsored study, published in 1974, found no differences in cancer rates between men
exposed and those not exposed to trace concentrations of anesthetic gases.* For women
respondents, there was a 1.3-fold to 2-fold increase in the occurrence of cancer in the exposed
group, resulting predominantly from an increase in leukemia and lymphoma. The analysis of
Buring et al® of these data confirmed an increase in relative risk of cancer in exposed women (1.4)
but attributed the increase solely to cervical cancer(?8). They also noted that the ASA study did
not assess the effect of confounding variables, such as sexual history or smoking, that may have
contributed to the findings. It is doubtful that the carcinogenic effect of anesthetics would be sex
related, and the conflicting results for men and women, especially in light of the low statistical
significance of the data, cast doubt that anesthetics were the causative agents.

Another ASA-sponsored mortality study of anesthesiologists, covering the period from 1976 to
1995, utilized data on cause of death from the National Death Index.'* The mortality risks of a
cohort of 40,242 anesthesiologists were compared to a matched cohort of internists. There was no
difference between the two groups in overall mortality risk or mortality because of cancer or heart
disease, but the mean age at death for decedents was significantly lower for anesthesiologists
compared to internists (66.5 years versus 69.0 years). In a subsequent study, Katz!® used data
from the American Medical Association (AMA) to conclude that there was no statistical difference
in age-specific mortality among anesthesiologists, internists, and other physicians when ages of
the living members of the physician groups were considered in the analyses.

Epidemiologic studies are useful tools for attempting to identify adverse effects of the operating
room environment, including exposure to many substances, of which waste anesthetic gases
comprise but one factor. The data from epidemiologic surveys can, at best, suggest associations
but can never prove cause-and-effect relationships between an exposure to a condition or
substance and a disease process. There are shortcomings in many surveys that attempt to assess
the effects of waste anesthetic gases, and these have resulted in conflicting conclusions. Overall,
there appears to be some evidence that the operating room environment produces a slight
increase in the rate of spontaneous abortion and cancer in female anesthesiologists and nurses.®
Mortality risks from cancer and heart disease for anesthesiologists do not differ from those for
other medical specialists.

Laboratory Studies

Along with epidemiologic studies, investigators have been active in the laboratory, assessing the
effects of anesthetic agents on cell, tissue, and animal models. It is thought that this work might
provide the scientific evidence linking anesthetic exposure to the adverse effects that have been
suggested by some epidemiologic surveys.

Cellular Effects. Nitrous oxide administered in clinically useful concentrations affects
hematopoietic and neural cells by irreversibly oxidizing the cobalt atom of vitamin B, from an
active to inactive state. This inhibits methionine synthetase and prevents the conversion of
methyltetrahydrofolate to tetrahydrofolate, which is required for DNA synthesis, assembly of the
myelin sheath, and methyl substitutions in neurotransmitters. Inhibition of methionine synthetase
in individuals exposed to high concentrations of nitrous oxide may result in anemia and
polyneuropathy, but chronic exposure to trace levels does not appear to produce these effects.®

Many studies have been performed in animals to assess the carcinogenicity of anesthetics. A
preliminary study suggested that isoflurane produced hepatic neoplasia when administered to mice
during gestation and early life, but a subsequent, well-controlled study failed to reproduce these
results.l” Research using mice and rats found no carcinogenic effect of halothane, nitrous oxide,
or enflurane.

Several investigators have used the Ames bacterial assay system for studying the mutagenicity of
anesthetics. This assay is rapid, inexpensive, and has a high true-positive rate when compared



with in vivo tests. Halothane, enflurane, methoxyflurane, isoflurane, and urine from patients
anesthetized with these agents was not mutagenic using this assay.'® Urine from people working
in scavenged or unscavenged operating rooms was also negative for mutagens.*®

Other studies have used analyses of sister chromatid exchanges (SCE) or formation of
micronucleated lymphocytes to assess for genotoxicity in association with anesthetic exposure.
These tests may be of interest because there may be an association between these genetic
changes and cancer. The majority of studies using SCE testing have been negative for enflurane,
isoflurane, and sevoflurane exposure.?? Anesthetists at an institution where waste gas scavenging
was not used had an increased fraction of micronucleated lymphocytes compared to those
practicing in a hospital where waste anesthetic

gases were scavenged.?! Low-level exposure as occurs in scavenged operating rooms is not
associated with increased formation of micronucleated lymphocytes. The predictive value for the
association of this test to the incidence of cancer is unclear.

The data from several lines of evidence indicate that occupational exposure to the low levels of
anesthetics found with effective waste gas scavenging is not associated with significant cellular
effects.

Reproductive Outcome. Because of the suggestion from epidemiologic data that occupational
exposure to waste anesthetic gases may have resulted in an increased rate of spontaneous
abortion and congenital abnormalities, numerous studies have been performed in laboratory
animals to assess reproductive outcome. Most animal experiments fail to demonstrate alterations
in female or male fertility or reproduction with exposure to subanesthetic concentrations of the
currently used anesthetic agents. It is important to realize that data from laboratory
investigations in animals may not be directly applicable to humans.

Effects of Trace Anesthetic Levels on Psychomotor Skills

Several studies have been conducted to attempt to clarify whether low concentrations of
anesthetics alter the psychomotor skills required for providing high-quality care. In one
investigation, psychomotor tests were used to assess the effect of nitrous oxide (500, 50, or 25
ppm) alone or with halothane (10, 1.0, or 0.5 ppm).2? After exposure to the highest
concentrations of nitrous oxide and halothane, subjects’' performance declined on four of the seven
tests. Interestingly, there was a decrease in ability in six of seven tests after exposure to the
same level of nitrous oxide alone. Exposure to the lowest concentrations studied, 25 ppm nitrous
oxide and 0.5 ppm halothane, produced no effects as measured by this battery of tests.

Other investigators, using similar protocols, have found no effect on psychomotor test
performance after exposure to trace concentrations of halothane or nitrous oxide. The reason for
differences in outcome between studies is unclear, but Bruce, one of the original investigators,
has attributed the psychological effects of low levels of anesthetics to unusual sensitivity in the
group of paid volunteers used in the study.?®

Recommendations of the National Institute for Occupational
Safety and Health

The National Institute for Occupational Safety and Health is the federal agency responsible for
ensuring that workers have a safe and healthful working environment. It meets these goals
through the conduct and funding of research, through education of employers and employees
about occupational illnesses, and through establishing occupational health standards. A second
federal agency, the Occupational Safety and Health Administration (OSHA), is responsible for
enacting job health standards, investigating work sites to detect violation of standards, and
enforcing the standards by citing violators. In 1977, NIOSH published a criteria document that
recommended that waste anesthetic exposure should not exceed 2 ppm (1-hour ceiling) of
halogenated anesthetic agents when used alone, or 0.5 ppm of a halogenated agent and 25 ppm of
nitrous oxide (time-weighted average during use).?* In addition, it stated that operating room
employees should be advised of the potential harmful effects of anesthetics. The guidelines
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proposed that annual medical and occupational histories be obtained from all personnel and that
any abnormal outcomes of pregnancies should be documented. The publication also included
information on scavenging procedures and equipment and methods for monitoring concentrations
of waste anesthetic gases in the air.

The 1977 NIOSH criteria document has not been adopted by OSHA, which currently does not have
a standard for waste anesthetic gases. Some states, however, have instituted regulations calling
for routine measurement of ambient nitrous oxide in operating rooms and have mandated that
levels not exceed an arbitrary maximum.

In 1994, NIOSH published an alert to warn health care personnel that exposure to nitrous oxide
may produce “harmful effects.”?® In this document, NIOSH recommends the following to reduce
nitrous oxide exposure: (1) monitoring the air in operating rooms; (2) implementation of
appropriate engineering controls, work practices, and equipment maintenance procedures; and (3)
institution of a worker education program.

Since publication of the NIOSH criteria document, several volatile anesthetic agents (enflurane,
isoflurane, sevoflurane, and desflurane) have been introduced into clinical practice. Although the
NIOSH document addressed halogenated agents (halothane), the agents most commonly used in
current practice have potencies, chemical characteristics, and rate and products of metabolism
that differ significantly from older anesthetics. One must question whether the exposure
thresholds cited by NIOSH in 1977 should also apply to agents that were not available at the time.
It is important to note that other organizations and agencies in the United States and Europe have
set occupational exposure limits for waste anesthetic gases and in most cases, these are greater
than those recommended by NIOSH (Table 4-1).

TABLE 4-1 Examples of Recommended Threshold Limits® for Occupational Exposure to
Anesthetic Agents

Country Nitrous Oxide Halothane Enflurane Isoflurane
U.S. (NIOSH) 25 2 2 2
U.S. (ACGIH) 50 50 75 N
Great Britain 100 10 50 50
Norway 100 5 2 2
Sweden 100 5 10 10

aTime-weighted average in parts per million.
NIOSH, National Institute of Occupational Safety and Health; ACGIH, American
Conference of Governmental Industrial Hygienists; N, not determined.

o In view of the conflicting scientific data and published recommendations, it is reasonable to
ask what is an acceptable exposure level for waste anesthetic gases. Although it may be
difficult to be certain of a threshold concentration below which

chronic exposure is “safe,” it is prudent to institute measures that reduce waste anesthetic levels
in the operating room environment without compromising patient safety. Methods for reducing and
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monitoring waste gases in the operating room have been suggested.® Through the use of
scavenging equipment, equipment maintenance procedures, altered anesthetic work practices, and
efficient operating room ventilation systems, the environmental anesthetic concentration can be
reduced to minimal levels. To ensure reduced occupational exposure, departmental programs
should incorporate the ability to monitor for detection of leaks in the high- and low-pressure
systems of anesthetic machines, contamination as a result of faulty anesthetic techniques such as
poor mask fit or leaks around the cuffs of endotracheal tubes and laryngeal mask airways, and
scavenging system malfunctions (Table 4-2). When there have been leaks of anesthetic gases,
dispersion and removal of the pollutants are dependent on the adequacy of room ventilation.
Standards for operating room construction from the American Institute of Architects require 15 to
21 air exchanges per hour with 3 bringing in outside air.?® Environmental levels of anesthetics can
be measured using instantaneously collected samples, continuous air monitoring, or time-weighted
averages.® With appropriate care, environmental levels of anesthetics in the operating room can
be reduced to comply with those suggested by NIOSH.

TABLE 4-2 Sources of Operating Room Contamination

*ANESTHETIC TECHNIQUES

e failure to turn off gas flow control valves at the end of an anesthetic

e turning gas flow on before placing mask on patient

e poorly fitting masks, especially with mask induction of anesthesia

e flushing of the circuit

e filling of anesthesia vaporizers

e uncuffed or leaking tracheal tubes (e.g., pediatric) or poor-fitting laryngeal mask
airways

e pediatric circuits (e.g., Jackson-Rees version of the Mapleson D system)

e sidestream sampling carbon dioxide and anesthetic gas analyzers

ANESTHESIA MACHINE DELIVERY SYSTEM AND SCAVENGING SYSTEM

e open/closed system
e occlusion/malfunction of hospital disposal system
¢ maladjustment of hospital disposal system vacuum
o leaks

high-pressure hoses or connectors

nitrous oxide tank mounting

O rings

CO, absorbent canisters

low-pressure circuit

*OTHER SOURCES

e Cryo surgery units
e cardiopulmonary bypass circuits

Modified from Task Force on Trace Anesthetic Gases of the Committee on Occupational
Health of Operating Room Personnel: Waste Anesthetic Gases: Information for
Management in Anesthetizing Areas and the Postanesthesia Care Unit (PACU). Park
Ridge, Ill, American Society of Anesthesiologists, 1999, with permission from the




American Society of Anesthesiologists. A copy of the full text can be obtained from the
ASA, 520 N. Northwest Highway, Park Ridge, lllinois 60068-2573.

Anesthetic Levels in the Postanesthesia Care Unit

As patients awaken from general anesthesia in the postanesthesia care unit (PACU), waste
anesthetic gases are released into this environment. In a 1998 study, the time-weighted average
concentrations for isoflurane, desflurane, and nitrous oxide were 1.1 ppm, 2.1 ppm, and 29 ppm,
respectively, in the breathing zone of PACU nurses.?” Half of the patients were intubated on arrival
in the PACU, suggesting that they were still partially anesthetized and were exhaling a greater
concentration of anesthetic gases than if they had already awakened. In contrast, other
investigators reported time-weighted nitrous oxide levels less than 2.0 ppm from two PACUs.?8
The practice in these institutions was to routinely discontinue nitrous oxide at the end of surgery,
approximately 5 minutes before the patient left the operating room. Also, there was adequate
ventilation documented in the PACUs. NIOSH threshold limits for anesthetic gases can be obtained
in the PACU by ensuring adequate room ventilation and fresh gas exchange and by discontinuing
the anesthetic gases in sufficient time prior to leaving the operating room.

Chemicals

Methyl Methacrylate

Methyl methacrylate is commonly used to cement prostheses to bone or to repair bone defects.
Known cardiovascular complications of methyl methacrylate in surgical patients include
hypotension, bradycardia, and cardiac arrest. The effects of occupational exposure are less well
documented. Reported risks from repeated occupational exposure to methyl methacrylate include
allergic reactions and asthma, dermatitis, eye irritation including possible corneal ulceration,
headache, and neurological signs. In one report, a health care worker suffered significant lower
limb neuropathy after repeated occupational exposure to methyl methacrylate.?®

OSHA has established an 8-hour, time-weighted average allowable exposure of 100 ppm.
Concentrations as high as 280 ppm have been measured when methyl methacrylate is prepared for
use in the operating room, but peak environmental concentration can be decreased by 75% when
scavenging devices are properly used.

Allergic Reactions

In addition to concerns about toxic effects associated with exposure to volatile anesthetics or
chemicals, anesthesiologists may develop sensitivities or allergic reactions to substances found in
the health care environment.

Halothane. Repeated bouts of hepatitis in a small number of anesthesiologists have been
attributed to hypersensitivity reactions rather than to a direct toxic effect of halothane. Analyses
of sera from pediatric and general anesthesiologists demonstrated that exposure to halothane was



associated with an increased prevalence of autoantibodies to cytochrome P450 2E1 and hepatic
endoplasmic reticulum protein (ERp58).3° Despite the presence of these autoantibodies, only 1 of
105 pediatric anesthesiologists had symptoms of hepatic injury. These data suggest that although
autoantibodies may occur in anesthesiologists exposed to volatile anesthetics, they do not appear
to be the cause of anesthetic-induced hepatitis.

Latex. Latex in surgical and examination gloves has become a common source of allergic

reactions among operating room personnel. In many cases, health care workers who are
allergic to latex experience their first adverse reactions while they are patients undergoing
surgery. The prevalence of latex

sensitivity among anesthesiologists is estimated to be 12.5 %3! to 15.8%.32

Latex is a complex substance composed of polyisoprenes, lipids, phospholipids, and proteins. A
number of additional substances, including preservatives, accelerators, antioxidants, vulcanizing
compounds, and lubricating agents (such as cornstarch or talc), are added in the manufacture of
the final product. The protein content of latex is responsible for the vast majority of generalized
allergic reactions to latex-containing surgical gloves. These reactions are exacerbated by the
presence of powder that enhances the potential of latex particles to aerosolize and to spread to
the respiratory system of personnel and to environmental surfaces during the donning or removal
of gloves.

Irritant or contact dermatitis accounts for approximately 80% of reactions resulting from wearing
latex-containing gloves (Table 4-3). In the study reported by Brown et al,3! 24% of anesthesia
personnel were found to manifest evidence of contact dermatitis. True allergic reactions present
as T-cell mediated contact dermatitis (Type IV) or as an IgE-mediated anaphylactic reaction.

TABLE 4-3 Types of Reactions to Latex Gloves

*REACTION *SIGNS/SYMPTOMS -CAUSE *MANAGEMENT

Irritant Contact
Dermatitis

Type IV—
Delayed
Hypersensitivity

Type I—
Immediate
Hypersensitivity
A. Localized
Contact
Urticaria

B. Generalized
Reaction

Scaling, drying,
cracking of skin

Itching, blistering,

crusting (delayed 6—

72 hours)

A. Itching, hives in
area of contact with
latex (immediate)
B. Runny nose,
swollen eyes,
generalized rash or

hives, bronchospasm,

Direct skin
irritation by
gloves, powder,
soaps

Chemical
additives used
in
manufacturing
(such as
accelerators)

Proteins found
in latex

Identify reaction,
avoid irritant,
possible use of
glove liner, use of
alternative product

Identify offending
chemical, possible
use of alternative
product without
chemical additive,
possible use of
glove liner

Identify reaction,
avoid latex-
containing products,
use of nonlatex or
powder-free, low-
protein gloves by
coworkers
Antihistamines,
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anaphylaxis topical/systemic
steroids
Anaphylaxis protocol

Reproduced from “Natural Rubber Latex Allergy: Considerations for Anesthesiologists,”
copyrighted 1999, Task Force on Latex Sensitivity of the Committee on Occupational
Health of Operating Room Personnel. Park Ridge, lllinois, American Society of
Anesthesiologists. http://www.asahq.org/publicationsAndServices/physician.htm with

permission from the American Society of Anesthesiologists. A copy of the full text can be
obtained from the ASA, 520 N. Northwest Highway, Park Ridge, lllinois 60068-2573.

Anesthesiologists who believe that they are allergic to latex should take immediate steps to assess
this possibility.33 A careful clinical history combined with laboratory evaluation helps to correlate
the allergic symptoms with latex exposure. Once the diagnosis of allergy has been established, the
affected anesthesiologist must avoid all direct contact with latex-containing products. It is also
important that coworkers wear nonlatex or powderless, low latex-allergen gloves to limit the
levels of ambient allergens. Because sensitization is an irreversible process, limited exposure and
primary prevention of allergy is the best overall strategy.3® Anaphylactic reactions to latex can be
life threatening.

Radiation

Many modern surgical procedures rely heavily on fluoroscopic guidance techniques. As a result,
anesthesiologists are at risk for being exposed to an excessive dose of radiation. The magnitude of
radiation absorbed by anesthesia personnel is a function of three variables: (1) total radiation
exposure intensity and time, (2) distance from the source of radiation, and (3) the use of
radiation shielding. The latter two are amenable to modification by the individual. Unfortunately,
the lead aprons and thyroid collars commonly worn in operating rooms leave exposed many
vulnerable sites, such as the long bones of the extremities, the cranium, the skin of the face, and
the eyes. Because radiation exposure is inversely proportional to the square of the distance from
the source, increasing this distance is more universally protective. Radiation exposure becomes
minimal at a distance greater than 36 inches from the source, a distance that is easily attainable
in most anesthetizing locations.

The U.S. Regulatory Commission has established an occupational exposure limit of 5,000
mrem/year. Occupational exposure among anesthesia personnel have been reported to be
considerably below this limit.3* However, these studies were conducted before the introduction of
many of the modern surgical procedures that rely heavily on fluoroscopic guidance techniques,
such as major spine surgery, endovascular repair of aortic aneurysms, and invasive cardiology
procedures. Pregnant workers present special concerns, and the dose to the fetus should be less
than 500 mrem during the gestation period.

Oncogenesis, teratogenesis, and long-term genetic defects can occur with sufficiently high
exposure to radiation. However, even low levels of radiation exposure are not inconsequential. The
stochastic biologic effects of radiation are cumulative and permanent. (A stochastic effect is one
for which the probability of the occurrence increases with an increasing dose but the severity of
the resulting disease does not depend on the magnitude of the dose.) There are no published data
that define the lower threshold for radiation-induced disease. Therefore, the general admonition
regarding occupational radiation exposure and the basis of protection programs is as low as
reasonably achievable (ALARA).

Radiation exposure should be monitored with film badges or pocket dosimeters in anesthesia
personnel at risk. Monthly



documentation allows for recognition of personnel with high levels of exposure. When warranted,
work practices can be evaluated and reassignment to work areas with less radiation exposure
considered. Educational programs on the effects of radiation and techniques for preventing
exposure are important parts of radiation safety programs.

Noise Pollution

A potential health hazard that is virtually uncontrolled in the modern hospital and specifically in
the operating room is noise pollution. Noise pollution is quantified by determining both the
intensity of the sound in decibels (dB) and the duration of the exposure. NIOSH has established a
maximum level for safe noise exposure of 90 dB for 8 hours.3> Each increase in noise of 5 dB
halves the permissible exposure time, so that 100 dB is acceptable for just 2 hours per day. The
maximum allowable exposure in an industrial setting is 115 dB.

The noise level in many operating rooms is surprisingly close to what constitutes a health
hazard.3® Ventilators, suction equipment, music, and conversation produce background noise at a
level of 75 to 90 dB. Superimposed on this are sporadic and unexpected noises as dropped
equipment, surgical saws and drills, and monitor alarms. Resultant noise levels frequently exceed
those of a freeway and even of a rock-and-roll band.

Excessive levels of noise can have an adverse influence on the anesthesiologist's capacity to
perform his or her chores. Noise can interfere with an anesthesiologist's ability to discern
conversational speech and even to hear auditory alarms. Mental efficiency and short-term memory
are diminished by exposure to excess noise.3® Complex psychomotor tasks associated with
anesthesiology, such as monitoring and vigilance, are particularly sensitive to the adverse
influences of noise pollution.

There are also chronic ramifications of long-term exposure to excessive noise in the workplace. At
the very least, noise pollution is an important factor in decreased worker productivity. At higher
noise levels, workers are likely to show signs of irritability and demonstrate evidence of stress,
such as elevated blood pressure. Ultimately, hearing loss may ensue.

Conversely, music can provide beneficial effects as a different kind of “background noise.” Music
has proved advantageous as a supplement to sedation for awake patients during surgery. Self-
selected background music can contribute to reducing autonomic responses in surgeons and
improving their performance. The beneficial effects are less pronounced when the music is chosen
by a third party. Unfortunately, this is often the case for the anesthesiologist.

Human Factors

The work performed by an anesthesiologist is intricate and includes a number of complex tasks. A
large body of research has evolved with the goal of applying high-technology solutions to assist
the anesthesiologist in managing this demanding workload. Less attention has been given to
applying human factor technology to improve our workplace and ensure patient safety. Human
error has been identified as a cause of patient morbidity and mortality.3”

A number of human factor problems potentially exist in the operating room. For example, the
design and positioning of equipment can be an impediment to the successful completion of all of
an anesthesiologist's obligatory tasks. Anesthesia monitors are frequently placed so that attention
is directed away from the patient. Indeed, nearly half of the anesthesiologist's time is spent
performing tasks away from the patient—surgeon field and not directly related to patient care.3®
This was well demonstrated by observations that revealed that the insertion and monitoring of a
transesophageal echocardiograph added significantly to the anesthesiologist's workload and
diverted attention away from other patient-specific tasks. The ability to respond to critical
incidents and to sustain complex monitoring tasks, such as maintaining vigilance (vigilance is the
ability to detect changes in a stimulus during prolonged monitoring tasks when the subject has no
prior knowledge of whether or when any changes might occur), are among those tasks that are
most vulnerable to the distractions created by poor equipment design or placement. The critical
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importance of the “vigilance” task to the practice of anesthesiology is evidenced by the fact that
the seal of the American Society of Anesthesiologists bears as its only motto, “Vigilance” (Fig. 4-
1), and the official motto of the Australian Society of Anaesthetists is “Vigila et Ventila.”

WVWIGILANCE

FIGURE 4-1. Official Seal of the American Society of Anesthesiologists. “VIGILANCE” has
always been recognized as the most critical of the anesthesiologist's tasks.

Several aspects of the vigilance task deserve attention. By definition, this function is

repetitive and monotonous. The task does not fully occupy the anesthesiologist's mental
activity, but neither does it leave him or her free to perform other mental functions. Finally, the
task is complex, requiring visual attention as well as manual dexterity.

Vigilance tasks are generally performed at the level of 90% accuracy.®® In a setting where the
stakes are as high as that of anesthesia, this leaves an unacceptable margin of error. In fact,
human error, in part resulting from lapses in attention, accounts for a large proportion of the
preventable deaths and serious injuries resulting from anesthetic mishaps in the United States
annually.

In addition to poor equipment design, a number of other factors conspire to hamper the ability of
the anesthesiologist to perform multiple tasks that demand cognitive skills. Any factor that
requires the expenditure of excessive energy to perform a given task produces a predictable
decrement in performance. Even the most trivial aspect of an operator's performance plays a
significant role over the course of time. For example, if the anesthesiologist must make frequent
rapid changes in observation from a dim, distant screen to a bright, nearby one, the continuous
muscular activity required for pupil dilation and constriction and lens accommodation promotes
fatigue and hinders performance.

Excessive energy expenditure need not be entirely physical. As more functions are monitored and
more data processed during the course of a surgical procedure, increasingly larger amounts of
mental work are expended. The mental work varies

directly with the difficulty encountered in extracting information from the monitors and displays
competing for the anesthesiologist's attention. Engineering of the monitor displays, such as signal
frequency and strength, as well as the mode of presentation of the input also significantly
influence the operator's performance.

Even the alarms that have been developed with the specific goal of supplementing the task of
vigilance have considerable drawbacks. In general, alarms are nonspecific (the same alarm
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signaling as many as 12 different deviations from “normal”) and can be a source of frustration and
confusion. They are also susceptible to artifacts and frequent false-positive alarms that can
distract the observer from more clinically significant information and, therefore, it is not unusual
for frequently distractive alarms to be inactivated.

Noise can have a detrimental influence on the anesthesiologist working at multiple tasks. The
average noise level of 77 decibels found in operating rooms can reduce mental efficiency and
short-term memory. In general, obtrusive noises, such as loud talking, excessive clanging of
instruments, and “broadband” noise, are associated with decrements in performance.

Organizational issues, such as communication among team members, can have a detrimental
effect on the ability of the anesthesiologist to perform well. The potential for disaster as a result
of poor communication has been well illustrated in a number of airline catastrophes. The
possibility for miscommunication and resultant accident is heightened in the operating room
where, in contrast to the structure inherent in an airline crew, there is an absence of a well-
defined hierarchical organization and there are overlaps in areas of expertise and responsibility.

“Production pressure” is an organizational concern that has the potential to create an environment
in which issues of productivity supercede those of safety.*® Production pressure has been
associated with the commission of errors resulting from haste and/or deliberate deviations from
known safe practices.

The application of simulation technology has proven to be very useful in the study of human
performance issues in anesthesiology.*! Much remains to be done in bringing human factor
research to the anesthesiologist's work environment.

Work Hours and Night Call

Prolonged work hours that result in sleep deprivation and fatigue are a ubiquitous component of
many anesthesiologists' professional lives. Ten- to 12-hour workdays are common. Additional
emergency and on-call coverage frequently result in 24- to 32-hour shifts. Gravenstein reported
the average anesthesiologist's work week was 56 hours.*? Seventy-four percent of the study
respondents reported that they had worked without a break for longer periods than they
personally thought was safe and 64% attributed an error in anesthetic management to fatigue.

Long hours of work and night call are especially challenging for the aging anesthesiologist. Older
individuals are particularly sensitive to disturbances of the sleep—wake cycle and are in general
better suited to phase advances (morning work) than phase delays (nocturnal work).4® Demands
associated with night call have been identified as the most stressful aspect of practice and most
frequently cited impetus toward retirement.*3

Sleep deprivation and circadian disruption have deleterious effects on cognition, performance,
mood, and health.** Both acute sleep loss (24 hours of on-call duty) and chronic partial sleep
deprivation (less than 6 hours of sleep) result in a similar degree of neurobehavioral impairment.
The nature and degree of impairment with acute sleep deprivation bears a striking similarity to
that seen with alcohol intoxication.4®

The deleterious effect of sleep loss and fatigue on work efficiency and accuracy is well

documented in many industries.*%:4% Sleep deprivation has been implicated as a contributing
factor in many well-publicized industrial accidents such as those that occurred at Chernobyl and
Three Mile Island. Complex cognitive tasks that are specific to anesthesiology, such as monitoring
and accurate clinical decision making, may be adversely affected by sleep deprivation. Surveys of
anesthesia personnel have linked fatigue and anesthetic errors, but these contain self-reported
data that may not be verifiable.#?:%47 In a study of performance on an anesthesia simulator,
residents in the sleep-deprived condition demonstrated progressive impairment of alertness,
mood, and performance and had longer response latency to vigilance probes.*! In spite of this,
there were no significant differences in the clinical management of the simulated patients between
the rested and sleep-deprived groups. Additional studies should be performed in this area to
determine the role of sleep deprivation in adverse clinical events.



Subsequent to a period of sleep deprivation, performance does not return to normal levels until 24
hours of rest and recovery has occurred. An interesting phenomenon is the “end-spurt,” in which
previously deteriorated performance shows improvement when the subject realizes that the task is
90% completed. The converse undoubtedly also occurs, a “let-down” with additional deterioration
in performance when the procedure is unexpectedly prolonged.

An additional area of concern is the potential effect of sleep deprivation and chronic fatigue on
health and psychosocial adjustment. Work schedules that disrupt circadian rhythms are associated
with impaired health, emotional problems, and a decline in performance. Howard et al“®
demonstrated that residents in their routine, non—post-call state suffered from chronic sleep
deprivation and had the same degree of sleepiness as measured in residents finishing 24 hours of
in-house call.

The sleep-loss pattern experienced by anesthesiologists who take night call is complex and
includes elements of each of the three general classes of sleep deprivation: total, partial, and
selective sleep deprivation. Selective sleep deprivation resulting from frequent interruptions is
most disruptive to important components of sleep including slow wave sleep (associated with
“body repair”) and rapid eye movement sleep (“mind repair”). Indicators of psychosocial distress,
including irritability, displaced anger, depression, and anxiety, have all been identified in house
officers suffering from sleep deprivation.*®

National attention was focused on the problems associated with sleep-deprived medical housestaff
by the well-publicized Libby Zion case.®% A large portion of this claim hinged on the allegation that
fatal, avoidable mistakes were made by exhausted, unsupervised residents. A number of medical
organizations and state legislatures subsequently took action to limit excessive work hours and
resultant sleep deprivation among physicians, especially trainees. For example, the Accreditation
Council for Graduate Medical Education (ACGME) has set universal standards that limit resident
duty hours to an average of 80 hours per week and no more than 30 hours at any one time, limit
the frequency of in-house call, and mandate that “off-duty” time be provided. Unfortunately, no
regulations pertain to the practicing anesthesiologist or nurse anesthetist. In this area, medicine
remains significantly behind other industries, most notably the transport and airline industries, in
identifying and regulating work practices that permit excessively long shifts.44

Until changes can be made in staffing patterns, there are several strategies that can be used to
prevent fatigue and the effects of sleep deprivation during long work periods.4* Personnel should
be educated on the problems associated with poor
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sleep habits outside the hospital. Naps prior to the start of call as well as the use of caffeine can
improve alertness during long shifts.

INFECTION HAZARDS

Anesthesia personnel are at risk for acquiring infections both from patients and from other
personnel.®! Viral infections, reflecting their prevalence in the community, are the most significant
threat to health care workers. Most commonly, these are spread through the respiratory route—a
mechanism that is, unfortunately, the most difficult to control effectively with environmental
alterations. Other infections are propagated by hand-to-hand transmission, and hand washing is
considered the single most important intervention for protection against this form of contagion.52
Immunity against some viral pathogens can be provided through vaccination.>® Bloodborne
pathogens such as hepatitis and human immunodeficiency virus cause serious infections, but
transmission can be prevented with mechanical barriers blocking portals of entry or, in the case of
hepatitis B, by producing immunity by vaccination.>* Current recommendations from the Centers
for Disease Control and Prevention (CDC) for preemployment screening, infection control
practices, vaccination, postexposure treatment, and work restrictions for infected personnel
should be consulted for specific information related to each pathogen.54:55.56

Respiratory Viruses

Respiratory viruses, which are responsible for many community-acquired infections, are usually



transmitted by two routes. Small-particle aerosols produced by coughing, sneezing, or talking can
propel viruses over large distances. The influenza and measles viruses are spread in this way. The
second mechanism involves large droplets produced by coughing or sneezing, contaminating the
donor's hands or an inanimate surface, whereupon the virus is transferred to the oral, nasal, or
conjunctival mucous membranes of a susceptible person by self-inoculation. Rhinovirus and
respiratory syncytial virus (RSV) are spread by this process.

Influenza Viruses

Because influenza viruses are easily transmitted, community epidemics of influenza are common,
with large outbreaks occurring annually. Acutely ill patients shed virus through small-particle
aerosols by coughing or sneezing for as long as 5 days after the onset of symptoms. Respiratory
isolation precautions can be used for the duration of the clinical illness in an attempt to prevent
spread to susceptible individuals. Because of their contact with nasopharyngeal secretions,
anesthesiologists can play a role in the spread of influenza virus in hospitals.

Influenza rarely produces significant morbidity in healthy health care workers but can result in
high rates of absenteeism. Hospital staff, especially those who care for patients in high-risk
groups, should be immunized annually (October or November) with the inactivated (killed virus)
influenza virus vaccine.®® Antigenic variation of influenza viruses occurs over time, so that new
viral strains (usually two Type A and one Type B) are selected for inclusion in each year's vaccine.
During hospital outbreaks of influenza A, the antiviral agents amantadine and rimantadine are
reasonably effective in preventing influenza A infection in unvaccinated hospital personnel and, if
administered within 48 hours of the onset of illness, can reduce the duration and severity of
illness.%” The neuraminidase inhibitors zanamivir and oseltamivir have been shown to be effective
in preventing and treating both influenza A and B.5” Because of possible morbidity to hospitalized
patients and to hospital personnel, it is recommended that during community influenza epidemics,
hospitals should consider limiting elective admissions and surgery.

Respiratory Syncytial Virus

Respiratory syncytial virus is the most common cause of serious bronchiolitis and lower
respiratory tract disease in infants and young children worldwide. During periods when RSV is
prevalent in the community (usually late November through May in the United States), many
hospitalized infants and children may carry the virus. Large numbers of virus are present in
respiratory secretions of infected children, and although viable virus can be recovered for up to 6
hours on contaminated environmental surfaces, it is readily inactivated with soap and water and
disinfectants. Infection of susceptible people occurs by self-inoculation when RSV in secretions is
transferred to the hands, which then contact the mucous membranes of the eyes or nose.®%8
Although most children have been exposed to RSV early in life, immunity is not permanent and
reinfection is common.

Respiratory syncytial virus is shed for approximately 7 days after infection. Hospitalized patients
with the virus should be isolated, but during seasonal outbreaks large numbers of patients may
make isolation impractical.®® Careful hand washing and the use of gowns, gloves, masks, and
goggles (standard precautions) have all been shown to reduce RSV infection in hospital personnel.

Herpes Viruses

Varicella-zoster virus (VZV), herpes simplex virus Types 1 and 2, and cytomegalovirus (CMV) are
members of the Herpetoviridine family. Close personal contact is required for transmission of all
the herpes viruses except for VZV, which is spread by direct contact or small-particle aerosols.
After primary infection with herpes viruses, the organism becomes latent and may reactivate at a
later time. Most people in the United States have been infected with all of the herpes viruses by
middle age. Therefore, nosocomial transmission is uncommon except in the pediatric population
and in immunosuppressed patients.

Varicella-Zoster Virus. Varicella-zoster virus produces both chicken pox and herpes zoster
(shingles). Although the primary infection (chicken pox) is usually uncomplicated in healthy



children, VZV infection in adults may be associated with major morbidity or death. Infection
during pregnancy may result in fetal death or, rarely, in congenital defects. Health care workers
with active VZV infection can transmit the virus to others.

After the primary infection, VZV remains latent in dorsal root or extramedullary cranial ganglia.
Herpes zoster results from reactivation of the VZV infection and produces a painful vesicular rash
in the innervated dermatome. Anesthesiologists working in pain clinics may be exposed to VZV
when caring for patients who have discomfort from herpes zoster.

Varicella-zoster virus is highly contagious, especially from patients with chicken pox or
disseminated zoster. The CDC estimates that the period of communicability begins 1 to 2 days
before the onset of the rash and ends when all the lesions are crusted, usually 4 to 6 days after
the rash appears.®® Because VZV may be spread through airborne transmission, respiratory
isolation should be used for patients with chicken pox or disseminated herpes zoster.%® Use of
gloves to avoid contact with vesicular fluid is adequate to prevent VZV spread from patients with
localized herpes zoster.

Most adults in the United States have protective antibodies to VZV. Because there have been many
reports of nosocomial transmission of VZV, it is recommended that all health care workers (HCW)
have immunity to the virus. Anesthesia

personnel should be questioned about prior VZV infection, and those with a negative or unknown
history of such infection should be serologically tested.®% All employees with negative titers should
be restricted from caring for patients with active VZV infection and should consider immunization
with live, attenuated varicella vaccine.®® Susceptible personnel with a significant exposure to
people with VZV infection are candidates for varicella zoster immune globulin (VZIG), which is
most effective when administered within 96 hours after exposure.®® Personnel without VZV
immunity should be reassigned to alternative locations so that they do not care for patients who
have active VZV infections.

Herpes Simplex. Herpes simplex virus (HSV) infection is quite common in adults. After viral entry
through the mucous membranes of the mouth, the primary infection with HSV Type 1 is usually
clinically inapparent but may involve severe oral lesions, fever, and adenopathy. In healthy
people, the primary infection subsides and the virus persists in a latent state within the sensory
nerve ganglion innervating the site of infection. Any of several mechanisms can reactivate the
virus to produce recurrent infection, which manifests in the vicinity of the primary lesion.

A second HSV, Type 2, is usually associated with genital infections and is spread by sexual
contact. Newborns may become infected with HSV Type 2 during vaginal delivery.

Health care personnel may be inoculated by direct contact with body fluids carrying either herpes
simplex virus Type 1 or 2.

Herpetic infection of the finger, herpetic paronychia or herpetic whitlow, is an occupational hazard
for anesthesia personnel. The infection usually begins at the portal of viral entry, a site on the
distal finger where the integrity of the skin has been broken, and results in vesicle formation.
Within 3 weeks, the throbbing pain lessens, and the lesions begin to heal. Use of acyclovir, an
antiviral drug that inhibits replication of HSV, may shorten the course of the primary cutaneous
viral infection. Personnel with HSV infections of the fingers or hands should not contact patients
until their lesions are healed.

Cytomegalovirus. Cytomegalovirus (CMV) infects between 50 and 85% of individuals in the
United States before age 40, with most infections producing minimal symptoms. After the primary
infection, the virus remains dormant, and recurrent disease only occurs with compromise of the
individual's immune system. Transmission of CMV can take place through close contact with an
individual excreting the virus or through contact with contaminated saliva or urine. It is unlikely
that aerosols or small droplets play a role in CMV transmission.

Primary or recurrent CMV infection during pregnancy results in fetal infection in up to 2.5% of
occurrences. Congenital CMV syndrome may be found in up to 10% of infected infants. Thus,

P.85



although CMYV infection usually does not result in morbidity in healthy adults, it may have
significant sequelae in pregnant women. CMV infection can also be deadly in immunocompromised
patients, such as those undergoing bone marrow transplantation.

The two major populations with CMV infection in the hospital include infected infants and
immunocompromised patients, such as those who have undergone organ transplants or those on
oncology units. Routine infection control procedures (standard precautions) are sufficient to
prevent CMV infection in health care workers (Tables 4-4 and 4-5).5% Pregnant personnel should be
made aware of the risks associated with CMV infection during pregnancy and of appropriate
infection control precautions to be used when caring for high-risk patients. There is no evidence to
indicate that it is necessary to reassign pregnant women from patient care areas in which they
may have contact with CMV-positive patients.

TABLE 4-4 Prevention of Occupationally Acquired Infections55/59.62

*:INFECTIOUS AGENT PREVENTIVE MEASURES?®
Cytomegalovirus Standard precautions
Hepatitis B Vaccine; hepatitis B immune globulin, standard

precautions

Hepatitis C Standard precautions

Herpes simplex Standard precautions; contact precautions if disseminated
disease

Human immunodeficiency Standard precautions; postexposure prophylactic

virus antiretrovirals

Influenza Vaccine; prophylactic antiretrovirals; droplet precautions

Measles Vaccine; airborne infection isolation precautions

Rubella Vaccine; droplet precautions

Severe acute respiratory Standard precautions; airborne infection isolation

syndrome (SARS) precautions

Tuberculosis Airborne infection isolation precautions; isoniazid +

ethambutol for PPD conversion

Varicella-zoster Vaccine; varicella-zoster immune globulin; airborne
infection isolation and contact precautions; standard
precautions if localized disease




2]solation precautions outlined in Table 4-5.

TABLE 4-5 Hospital Isolation Precautions5®

STANDARD PRECAUTIONS

These are to be used for the care of all patients regardless of their diagnosis or
presumed infection status.

Standard precautions should be used in conjunction with other forms of isolation
precautions (see below) for the care of specific patients.

1. Hand washing
After touching blood, body fluids, or contaminated items even if gloves are worn.
2. Gloves
Wear gloves when touching blood, body fluids, or contaminated items.
Change gloves between tasks on the same patient when there is likely to be a high
concentration of organisms.
Remove gloves after use, before touching noncontaminated items and
environmental surfaces.
3. Mask, eye protection, face shield
Use during procedures likely to generate splashes of blood or body fluids that may
contaminate face or mucous membranes.
4. Gown
Use during procedures likely to generate splashes of blood or body fluids that may
contaminate clothing or arms.
5. Patient-care equipment
Handle soiled equipment in a manner that prevents skin, mucous membrane,
clothing, or environmental contamination.
6. Environmental control
Contaminated environmental surfaces should routinely be cleaned and/or
disinfected.
7. Linen
Soiled linen should be handled in a manner that prevents contamination of
personnel, other patients, and environmental surfaces.
8. Occupational health and bloodborne pathogens
Use care to prevent injuries when using or disposing of needles and sharp devices.




Contaminated needles should not be recapped or manipulated by using both hands.
If recapping is necessary for the procedure being performed, a one-handed scoop
technique or mechanical device for holding the needle sheath should be used.
Contaminated needles should not be removed from disposable syringes by hand.
Do not break or bend contaminated needles before disposal.
After use, disposable syringes and needles and other sharp devices should be
placed in appropriate puncture-resistant containers located as close as practical to
the area in which the items were used.
Mouthpieces, resuscitation bags, or other ventilation devices should be available
for use as an alternative to mouth-to-mouth ventilation.

9. Patient placement
Private rooms should be used for patients who are likely to contaminate the
environment.

*TRANSMISSION-BASED PRECAUTIONS

These should be used along with standard precautions for patients known or suspected
to be infected or colonized with highly transmissible pathogens requiring additional
precautions.

*AIRBORNE INFECTION ISOLATION PRECAUTIONS

These should be used for patients known or suspected to be infected with
microorganisms transmitted by airborne droplet nuclei (particles 5 ym or smaller in size)
that can be dispersed over large distances by air currents.

1. Patient placement
The patient should be placed in a private room with (1) documented negative air
pressure relative to surrounding areas, (2) 6 to
12 air changes per hour, (3) discharge of air outdoors or monitored high-efficiency
filtration of room air before the air is circulated to other areas in the hospital.
The door to the room should be kept closed and the patient should remain in the
room.

2. Respiratory protection
Respiratory protection should be worn when entering the room of a patient with
known or suspected infectious pulmonary tuberculosis.
Susceptible personnel should not enter the room of patients known or suspected to
have measles or varicella if other immune caregivers are available. If susceptible
persons must enter the room of a patient known or suspected to have measles or
varicella, they should wear respiratory protection. Persons immune to measles or
varicella need not wear respiratory protection.

3. Patient transport
Patients should be transported from the isolation room only for essential purposes.
When transport is necessary, a surgical mask should be placed on the patient to
prevent dispersal of droplet nuclei.

4. Patients with tuberculosis
Current CDC guidelines should be consulted for additional precautions.8!




*DROPLET PRECAUTIONS

These should be used for patients known or suspected to be infected with
microorganisms transmitted by large-particle droplets (particles larger than 5 ym) that
can be generated during coughing, sneezing, talking, or by performing certain
procedures.

1. Patient placement
The patient should be placed in a private room.

2. Respiratory protection
Personnel should wear a mask when working within 3 feet of the patient.

3. Patient transport
Patients should be transported from the isolation room only for essential purposes.
When transport is necessary, a surgical mask should be placed on the patient to
prevent dispersal of droplets.

CONTACT PRECAUTIONS

These should be used for patients known or suspected to be infected or colonized with
epidemiologically important microorganisms transmitted by direct contact with the
patient or indirect contact with environmental surfaces or patient-care items.

1. Patient placement
The patient should be placed in a private room.

2. Gloves and hand washing
In addition to wearing gloves as outlined under standard precautions, gloves
(nonsterile) should be worn when entering the patient's room.
Gloves should be changed after contacting infective material that may contain high
concentrations of microorganisms.
Gloves should be removed before leaving the patient's environment and hands
should be washed immediately with an antimicrobial agent or a waterless antiseptic
agent.
After removal of gloves and hand washing, care should be taken so that
contaminated environmental surfaces should not be touched to avoid transfer of
microorganisms to other patients.

3. Gown
In addition to wearing a gown as outlined under standard precautions, a gown
(nonsterile) should be worn when entering the room when it is anticipated that
clothing will have contact with the patient, environmental surfaces, or
contaminated items or if the patient is incontinent or has diarrhea, an ileostomy, a
colostomy, or wound drainage not contained by a dressing.
The gown should be removed before leaving the patient's environment.
Clothing should not contact potentially contaminated surfaces after removal of the
gown.

4. Patient transport
The patient should be transported from the room for only essential purposes.
If it is necessary to transport the patient, precautions should be maintained to
minimize the risk of transmission of microorganisms to other patients and
contamination of environmental surfaces or equipment.




5. Patient-care equipment
Dedicate the use of noncritical patient-care equipment (e.g., blood pressure cuffs)
to a single patient to avoid transmission of microorganisms to another patient. If
use of common equipment is unavoidable, then items should be adequately cleaned
or disinfected before use on another patient.

Rubella

Outbreaks of rubella, or German measles, in hospital personnel have resulted in significant loss in
employee working time, employee morbidity, and cost to the hospital. Although most adults in the
United States are immune to rubella, up to 20% of women of childbearing age are still susceptible.
Rubella infection during the first trimester of pregnancy is associated with congenital
malformations or fetal death.

Rubella is transmitted by contact with nasopharyngeal droplets spread by infected individuals
coughing or sneezing. Patients are most contagious while the rash is erupting but can transmit the
virus from 1 week before to 5 to 7 days after the onset of the rash. Droplet precautions should be
used to prevent transmission (Table 4-5).55

Ensuring immunity at the time of employment (evidence of prior vaccination with live rubella
vaccine or serologic confirmation) should prevent nosocomial transmission of rubella to personnel.
It has been shown that history is a poor indicator of immunity. A live, attenuated rubella virus
vaccine, contained in measles, mumps, rubella vaccine (MMR), is available to produce immunity in
susceptible personnel.%3:61 Many state or local health departments mandate rubella immunity for
all HCW, and local regulations should be consulted.

Measles (Rubeola)

Measles virus is highly transmissible both by large droplets and by the airborne route. The
virus is found in the mucus of the nose and pharynx of the infected individual and is spread
by coughing and sneezing. The disease can be transmitted from
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4 days prior to the onset of the rash to 4 days after its onset. Airborne precautions should be used
for infected patients (Table 4-5).5°% Introduction of the measles vaccine in the United States has
successfully eliminated indigenous cases of measles but importation of measles from other
countries continues to occur.

Health care workers are at increased risk for acquiring measles and transmitting the virus to
susceptible coworkers and patients. The CDC recommends that medical personnel have adequate
immunity to measles, as documented by one of the following: evidence of two doses of live
measles vaccine, a record of physician-diagnosed measles, or serologic evidence of measles
immunity (Table 4-4).55 Susceptible personnel born in or after 1957 should receive two doses of
the live measles vaccine at the time of employment.®?

Severe Acute Respiratory Syndrome

Severe acute respiratory syndrome (SARS) is an emerging respiratory tract infection produced by



a coronavirus, SARS-associated coronavirus (SARS-CoV). After the first cases were reported from
Asia in late 2002, the disease quickly spread globally in 2003 before being controlled. SARS
typically presents with a high fever, greater than 38.0°C, and is followed with symptoms of
headache, generalized aches, and cough. Severe pneumonia may lead to acute respiratory distress
syndrome (ARDS) and death.

SARS is spread by close person-to-person contact through virus carried in large respiratory
droplets and possibly by airborne transmission. The virus can also be spread when an individual
touches a contaminated object and then inoculates their mouth, nose, or eyes. Aerosolization of
respiratory secretions during coughing or endotracheal suctioning has been associated with
transmission of the disease to HCW, including anesthesiologists and critical care nurses. It
appears that some infected individuals are “super-shedders” of the virus and present a greater
risk for transmission to contacts.

One of the most important interventions to prevent the spread of SARS in the health care setting
is early detection and isolation of patients who may be infected with SARS-CoV.%2 Standard and
Droplet Precautions should be used when contacting patients with symptoms of a respiratory
illness (Table 4-5) until it is determined that the cause of the pneumonia is not contagious.
Contact and Airborne Infection Isolation (All) should be used for patients with laboratory evidence
of SARS or those strongly suspected of having SARS-CoV infection. Gloves, gown, respiratory
protection (as a minimum, use a NIOSH-certified N-95 filtering respirator), and eye protection
should be donned before entering a SARS patient's room or during procedures likely to generate
respiratory aerosols.®?

Viral Hepatitis
Although many viruses may produce hepatitis, the most common are Type A or infectious
hepatitis, Type B (HBV) or serum hepatitis, and Type C (HCV), which is responsible for most cases
of parenterally transmitted non-A, non-B hepatitis (NANBH) in the United States. Delta hepatitis,
caused by an incomplete virus, occurs only in people infected with HBV. Outbreaks of an
enterically transmitted NANBH (hepatitis E) have been reported from outside the United States
and are usually caused by contaminated water. The greatest risks of
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occupational transmission to anesthesia personnel are associated with HBV and HCV.

Hepatitis A

About 20 to 40% of viral hepatitis in adults in the United States is caused by the Type A virus.
Hepatitis A is usually a self-limited illness, and no chronic carrier state exists. Spread is
predominantly by the fecal—oral route, either by person-to-person contact or by ingestion of
contaminated food or water. Outbreaks are usually found in institutions or other closed groups
where there has been a breakdown in normal sanitary conditions. Hospital personnel do not
appear to be at increased risk for hepatitis A and nosocomial transmission is rare.

Personnel exposed to patients with hepatitis A should receive immune globulin intramuscularly as
soon as possible but not greater than 2 weeks after the exposure to reduce the likelihood of
infection.®® Immune globulin provides protection against hepatitis A through passive transfer of
antibodies and is used for postexposure prophylaxis. Hepatitis A vaccine is not routinely
recommended for HCW except for those that may be working in countries where hepatitis A is
endemic.53:63

Hepatitis B

Hepatitis B is a significant occupational hazard for nonimmune anesthesiologists and other medical
personnel who have frequent contact with blood and blood products. The prevalence (the
proportion of people who have or have had the condition at the time of the survey) of hepatitis B
in the general population of the United States is 3 to 5%, and the carrier rate is 0.2 to 0.9%
based on serologic screening. Serosurveys including more than 2400 unvaccinated anesthesia



personnel conducted in the United States and several other countries demonstrated a mean
prevalence of HBV serologic markers of 17.8% (range, 3.2-48.6%).%* The range of seropositive
findings in anesthesia personnel in various locations probably reflects the prevalence of HBV
carriers in the referral population for the area. Within the United States, studies conducted before
the widespread usage of hepatitis B vaccine indicated that the prevalence of hepatitis B serologic
markers in anesthesia personnel ranged from 19 to 49%.

Acute HBV infection may be asymptomatic and usually resolves without significant hepatic
damage. Less than 1% of acutely infected patients develop fulminant hepatitis. Approximately
10% become chronic carriers of HBV (i.e., serologic evidence demonstrated for more than 6
months). Within 2 years, half of the chronic carriers resolve their infection without significant
hepatic impairment. Chronic active hepatitis, which may progress to cirrhosis and is linked to
hepatocellular carcinoma, is found most commonly in individuals with chronic viral infection for
more than 2 years. The implementation of routine vaccination, use of standard precautions, use of
safety devices, and postexposure prophylaxis have significantly reduced the risk of occupationally
acquired HBV infection and its sequelae in HCW.

The diagnosis and classification of the stage of HBV infection can be made on the basis of
serologic testing. Antibody to the surface antigen (anti-HBs) appears with resolution of the acute
infection and confers lasting immunity against subsequent HBV infections. Chronic HBV carriers
are likely to have hepatitis B surface antigen (HBsAg) and antibody to the core antigen (anti-HBc)
present in serum samples. The presence of hepatitis B e antigen (HBeAg) in serum is indicative of
active viral replication in hepatocytes.

Anesthesia personnel are at risk for occupationally acquired HBV infection as a result of accidental
percutaneous or mucosal contact with blood or body fluids from infected patients. Patient groups
with a high prevalence of HBV include immigrants from endemic areas, users of illicit parenteral
drugs, homosexual men, and patients on hemodialysis.?* Carriers are frequently not identified
during hospitalization because the clinical history and routine preoperative laboratory tests may
be insufficient for diagnosis. The risk for infection after an HBV-contaminated percutaneous
exposure, such as an accidental needle stick, is 37 to 62% if the source patient is HBeAg-positive
and 23 to 37% if HBeAg-negative. HBV can be found in saliva, but the rate of transmission is
significantly less after mucosal contact with infected oral secretions than after percutaneous
exposures to blood. HBV is a hardy virus that may be infectious for at least 1 week in dried blood
on environmental surfaces.

Hepatitis B Vaccine. Use of hepatitis B vaccine is the primary strategy to prevent

occupational transmission of HBV to anesthesia personnel and other HCW at increased risk.%%
Administration of three doses of vaccine into the deltoid muscle results in the production of
protective antibodies (anti-HBs) in more than 90% of healthy HCW. Hospitals or anesthesia
departments should have policies for educating, screening, and counseling personnel about their
risk of acquiring HBV infection and should make vaccination available for susceptible
personnel.54.65

To ensure adequate postvaccination immunity, serologic testing for anti-HBs should take place
within 1 to 2 months after the third dose of vaccine.®* Protective antibodies develop in 30 to 50%
of nonresponders (i.e., anti-HBs <10 mlU/mL) with a second 3-dose vaccine series.
Nonresponders to vaccination, who are HBsAg-negative, remain at risk for HBV infection and
should be counseled on strategies to prevent infections and the need for postexposure
prophylaxis.

Vaccine-induced antibodies decline over time, with maximum titers after vaccination correlating
directly with duration of antibody persistence. The CDC states that for vaccinated adults with
normal immune status, routine booster doses are not necessary and periodic monitoring of
antibody concentration is not recommended.5%

When susceptible or nonvaccinated anesthesia personnel have a documented exposure to a
contaminated needle or to blood from an HBsAg-positive patient, postexposure prophylaxis with
HBV hyperimmune globulin (HBIG) is recommended.>* Hepatitis B vaccine should be offered to any



unvaccinated, susceptible person who sustains a blood or body fluid exposure.

Hepatitis C

Hepatitis C virus causes most cases of parenterally transmitted NANBH and is a leading cause of
chronic liver disease in the United States. Although antibody to HCV (anti-HCV) can be detected in
most patients with hepatitis C, its presence does not correlate with resolution of the acute
infection or progression of hepatitis, and it does not confer immunity against HCV infection.®®
Seropositivity for HCV RNA, using polymerase chain reaction, is a marker of chronic infection and
continued viral presence.

Most cases of acute HCV infection are asymptomatic, but infected individuals have a high rate of
progression to chronic hepatitis. Up to 60% of HCV-infected patients will have biopsy-proven
chronic hepatitis, with many developing cirrhosis. HCV RNA can still be detected in more than 75%
of patients after resolution of acute hepatitis C.6® Combination therapy with interferon and
ribavirin has been effective in the treatment of some cases of chronic hepatitis C. In a limited
clinical trial, interferon alfa-2b was effective in preventing chronic hepatitis C in patients with
acute infection.%”

Like HBV, HCV is transmitted through blood and sexual contact, but the rate of occupational HCV
infection is less than for HBV. Although HCV transmission has been documented in health care
settings, the prevalence of anti-HCV in HCW in the

United States is not greater than that found in the general population. The greatest risk of
occupational HCV transmission is associated with exposure to blood from an HCV-positive source,
and the average rate of seroconversion after accidental percutaneous exposure is 1.8%.%* HCV has
been transmitted through blood splashes to the eye and with exposure via nonintact skin. HCV in
dried blood on environmental surfaces may remain infectious for up to 16 hours, but
environmental contamination does not appear to be a common route of transmission. Although
HCV can be found in the saliva of infected individuals, it is not believed to represent a great risk
for occupational transmission.%*

There is no vaccine or effective postexposure prophylaxis available to prevent HCV infection, and
use of immune globulin is no longer recommended after a known exposure.®* The effectiveness of
interferon has not been documented as effective prophylaxis after occupational exposure.
Prevention of exposures remains as the primary strategy for protecting HCW against HCV
infection. Personnel who have had a percutaneous or mucosal exposure to HCV-positive blood
should have serologic testing for anti-HCV and alanine aminotransferase and counseling at the
time of the exposure and at 6 months.5*

Pathogenic Human Retroviruses

HIV Infection and AIDS

The agent that produces acquired immunodeficiency syndrome (AIDS) is the human
immunodeficiency virus (HIV), one of several pathogenic human retroviruses. Current estimates
suggest that 650,000 to 900,000 people in the United States are infected with HIV. According to
CDC data, from 1981 through December 2002 there have been 859,000 cases of AIDS in the
United States.®®

The initial infection with HIV presents clinically as a mononucleosis-like syndrome with
lymphadenopathy and rash. Although the patient then enters an asymptomatic period, monocyte-
macrophage cells serve as a reservoir for the virus throughout the body, and CD4+ T cells harbor
the virus in the blood. Within a few weeks after infection, an antibody may be detected by the
enzyme-linked immunosorbent assay (ELISA) and is confirmed using the more specific Western
blot test. After a variable length period of asymptomatic HIV infection, there is an increase in viral
titer and impaired host immunity, resulting in opportunistic infections and malignancies
characteristic of AIDS. As the use of highly active antiretroviral therapy became widespread in the
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United States in 1996, the average length of survival after HIV infection increased.

HIV is spread by sexual contact (especially homosexual males), perinatally from infected mother
to neonate, and through infected blood (transfusion or shared needles) and blood products.
Although the virus can be found in saliva, tears, and urine, these body fluids have a low risk for
viral transmission. Many HIV-infected patients in health care settings may not be identified as
such by their initial or presenting diagnosis.

Risk of Occupational Human Immunodeficiency Virus Infection. Although there are several
modes of transmission for HIV infection in the community, the most important source for
occupational transmission of HIV to HCW is blood contact.®* The rate of seroconversion in health
care workers sustaining a percutaneous exposure (needle stick injury) to HIV-infected blood is
estimated to be 0.3%,%° while the rate after a mucous membrane exposure is 0.09%.7°
Transmission has occurred after blood exposure to nonintact skin, but although the rate is
unknown, it is likely less than for mucous membrane exposure.

A case-control study has demonstrated that specific factors are associated with an increased rate
of HIV transmission after a percutaneous injury.’! Increased risk was associated with a deep
injury, visible blood on the device producing the injury, a procedure in which the needle was
placed in an artery or vein, and terminal illness (death from AIDS within 2 months) in the source
patient. Therefore, the risk of occupational HIV transmission is greatest after a deep injury with a
blood-filled, large-gauge, hollow-bore needle used on a patient in the terminal phase of AIDS.

The occupational risk of HIV infection is a function of the annual number of blood exposures, the
rate of HIV transmission with each exposure to infected blood, and the prevalence of HIV infection
in the specific patient population. Greene et al prospectively collected data on 138 contaminated
percutaneous injuries to anesthesia personnel.”?2 The rate of contaminated percutaneous injuries
per year per full-time equivalent anesthesia worker was 0.42, and the average annual risk of HIV
and HCV infection was estimated to be 0.0016 and 0.015%, respectively.

Anesthesia personnel are frequently exposed to blood and body fluids during invasive procedures
such as insertion of vascular catheters, arterial punctures, and endotracheal intubation.5%.72.73
Although many exposures are mucocutaneous and can be prevented by the use of gloves and
protective clothing, these barriers do not prevent percutaneous exposures such as needle stick
injuries, which carry a greater risk for pathogen transmission. Because of the tasks they perform,
anesthesia personnel are likely to use and be injured by large-bore, hollow needles such as IV
catheter stylets and needles on syringes.”?7* Needleless or protected needle safety devices can be
used to replace standard devices to reduce the risk of needle stick injuries. Although safety
devices usually are more expensive than a comparable nonsafety item, they may be more cost-
effective when the cost of needle stick injury investigation and medical care for infected personnel
is considered.

Percutaneous injuries have now been accepted as a significant occupational risk for health care
workers.®! The Needlestick Safety and Prevention Act of 2000 mandated that OSHA update its
Bloodborne Pathogen Standard to require that exposure control plans include a process for
evaluating and implementing the use of commercially available safety medical devices.®®
Employers were also required to maintain a “sharps” injury log to collect data to evaluate
exposure risks and the effectiveness of safety devices. Because federal regulations require the use
of safety devices, as new technologies become available, clinicians must assess these within their
practice to determine which are most effective for specific tasks.

Postexposure Treatment and Prophylactic Antiretroviral Therapy. When personnel have been
exposed to patients' blood or body fluids, the incident should immediately be reported to the
employee health service or the designated individual within the institution. Based on the nature of
the injury, the exposed worker and the source individual should be tested for serologic evidence of
HIV, HBV, and HCV infection.®* Current local laws must be consulted to determine policies for
testing the source patient, and confidentiality must be maintained. When the source patient is
found to be HIV-positive, the employee should be retested for HIV antibodies at 6 and 12 weeks
and at 6 months after exposure, although most infected people are expected to undergo



seroconversion within the first 6 to 12 weeks. During this period, the exposed employee should
follow CDC recommendations for preventing transmission of HIV to family members and patients.%*
If the source patient is found to be HIV-negative, no additional treatment is required.

The U.S. Public Health Service recommends that antiretroviral postexposure prophylaxis (PEP) be
offered to HCW who have incurred a significant percutaneous exposure to HIV-infected blood.5*
The specific antiretroviral regimen is
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based on the severity of exposure and the source patient. Because protocols for chemoprophylaxis
are likely to change with additional research and the introduction of new antiretroviral drugs, the
most current recommendations, such as those provided on the CDC website (http://0-
www.cdc.gov.innopac.up.ac.za:80/niosh/topics/bbp), should be consulted prior to instituting
postexposure prophylactic therapy. To be most effective, PEP should be initiated as soon as
possible after exposure (less than 24 hours) and continued for 4 weeks. HCW should be counseled

on the potential toxic effects of antiretrovirals so that they can make an informed decision on the
risks associated with PEP. Failure of PEP has been attributed to large viral inoculum, use of a
single antiviral agent, drug resistance in the virus from the source patient, and delayed initiation
or short duration of PEP therapy.

Occupational Safety and Health Administration Standards,
Universal Precautions, and Isolation Precautions

In the late 1980s the CDC formulated recommendations, or universal precautions, for preventing
transmission of bloodborne infections (including HIV, HBV, and HCV) to HCW. The guidelines were
based on the epidemiology of HBV as a worst-case model for transmission of bloodborne infections
and current knowledge of the epidemiology of HIV and HCV. Because some carriers of bloodborne
viruses could not be identified, universal precautions were recommended for use during all patient
contact. Although exposure to blood carries the greatest risk of occupationally related
transmission of HIV, HBV, and HCV, it was recognized that universal precautions should also be
applied to semen, vaginal secretions, human tissues, and the following body fluids: cerebrospinal,
synovial, pleural, peritoneal, pericardial, and amniotic. Subsequently, the CDC synthesized the
major features of universal precautions into standard precautions, a single set of precautions that
should be applied to all patients (Table 4-5).5° Standard precautions were included in a more
complete set of isolation precautions, which contain guidelines (airborne precautions, droplet
precautions, and contact precautions) to reduce the risk of transmission of bloodborne and other
pathogens in health care settings.>®

Standard precautions include the use of gloves when an HCW contacts mucous membranes and
oral fluids, such as during endotracheal intubation and pharyngeal suctioning. The selection of
specific barriers or personal protective equipment should be commensurate with the task being
performed. Gloves may be all that is necessary during insertion of a peripheral intravenous
catheter, whereas gloves, gown, mask, and face shield may be required during endotracheal
intubation in a patient with hematemesis. Gloves should be removed after they become
contaminated to prevent dissemination of blood or body fluids to equipment or other items that
may be contacted by ungloved personnel. Waterless antiseptics should be available to permit
anesthesia personnel to wash their hands after glove removal without leaving the operating room.

OSHA has promulgated Standards to protect employees from occupational exposure to bloodborne
pathogens.®® Employers subject to OSHA must comply with these federal regulations. The
Standard requires that there must be an Exposure Control Plan specifically detailing the methods
that the employer is providing to reduce employees' risk of exposure. The employer must evaluate
engineering controls such as needleless devices to eliminate hazards. Work practice controls are
encouraged to reduce blood exposures by altering the manner in which personnel perform tasks
(e.g., an instrument rather than fingers should be used to handle needles). The employer must
furnish appropriate personal protective equipment (e.g., gloves, gowns) in various sizes to permit
employees to comply with universal precautions. The HBV vaccine must be offered at no charge to
personnel. A mechanism for postexposure treatment and follow-up must be provided. An annual
educational program should inform employees of their risk for bloodborne infection and the



resources available to prevent blood exposures. Implementation of standard precautions and OSHA
regulations have been effective in decreasing the number of exposure incidents that result in HCW
contact with patient blood and body fluids.

Creutzfeldt-Jakob Disease

Creutzfeldt-Jakob disease (CJD), caused by an infectious protein or prion, may be unsuspected in
patients presenting with dementia.”® More recently, it has been recognized that the prion strain
associated with bovine spongiform encephalopathy has infected humans to produce a variant CJD.
latrogenic transmission of CJD to patients has taken place through contaminated biologic products
and surgical instruments and via blood transfusion. The risk of transmission to hospital personnel
is unknown because surveillance is complicated by the long period from the time of infection until
the onset of symptoms. Universal precautions should be used. Tissues with greatest risk of
infectivity are brain, spinal cord, and eyes.

The prion is difficult to eradicate from equipment, and special sterilization methods are required
for instruments that come into contact with high-infectivity tissues. The World Health Organization
has developed infection control and sterilization guidelines for CJD (http://0-
www.who.int.innopac.up.ac.za:80/emc-documents/tse/docs/whocdscsraph2003.pdf). The prion is
not transmitted through respiratory routes.

Tuberculosis

The incidence of tuberculosis in the United States has declined since 1992, reversing the increase
in reported cases that had begun in 1986. Although most individuals infected with tuberculosis are
treated on an outpatient basis, undiagnosed patients may be hospitalized for the workup of
pulmonary pathology. Hospital personnel are especially at risk for infection from unrecognized
cases.’®77 Groups with a higher prevalence of tuberculosis include (1) personal contacts of people
with active tuberculosis; (2) people from countries with a high prevalence of tuberculosis; and (3)
alcoholics, homeless people, and intravenous drug users.”®

Mycobacterium tuberculosis is transmitted through viable bacilli carried on airborne particles, 1 to
5 um in size, by coughing, speaking, or sneezing. Airborne infection isolation should be used for
hospitalized patients suspected of having tuberculosis until they are confirmed as nontransmitters
by sputum examination that demonstrates no bacilli.”® Appropriate chemotherapy is the most
effective means to prevent spread of tuberculous infection.”® Elective surgery should be postponed
until infected patients have had an adequate course of chemotherapy. If surgery is required,
filters should be used on the anesthetic breathing circuit for patients with tuberculosis.”%:7°

Several hospital outbreaks of multidrug-resistant M. tuberculosis infection have been reported.”7-8°
Mortality associated with these outbreaks is high. Factors responsible for nosocomial transmission
include delayed diagnosis of tuberculosis so that multiple patients and personnel were exposed
and delayed recognition of drug resistance resulting in inadequate initial drug therapy.

Effective prevention of spread to HCW requires early identification of infected patients and
immediate initiation of airborne infection isolation (negative-pressure rooms with

air vented outside; see Table 4-5).76.79 Patients must remain in isolation until adequate treatment
is documented. If patients with tuberculosis must leave their rooms, they should wear face masks
to prevent spread of organisms into the air. HCW should wear respiratory protective devices when
they enter an isolation room or when performing procedures that may induce coughing, such as
endotracheal intubation or tracheal suctioning.”® The CDC recommends that respiratory protective
devices worn to protect against M. tuberculosis should be able to filter 95% of particles 1 mm in
size at flow rates of 50 liters per minute and should fit the face with a leakage rate around the
seal of less than 10% documented by fit testing.’® High-efficiency particulate air respirators
(classified as N95) are NIOSH-approved devices that meet the CDC criteria for respiratory
protective devices against M. tuberculosis.®!

Routine periodic screening of employees for tuberculosis should be included as part of a hospital's
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employee health policy with the frequency of screening dependent on the prevalence of infected
patients in the hospitalized population. When a new conversion is detected by skin testing, a
history of exposure should be sought to determine the source patient. Treatment or preventive
therapy is based on the drug-susceptibility pattern of the M. tuberculosis in the source patient, if
known. Personnel who have been exposed to a patient with active tuberculosis should be followed
by skin testing.

Viruses in Smoke Plumes

The laser is commonly used for vaporizing carcinomatous and viral tumors. Use of lasers and
electrosurgical devices is associated with several hazards, both to patients and to operating room
personnel. Risks include thermal burns, eye injuries, electrical hazards, and fires and explosions.
There is evidence that the smoke plumes resulting from tissue vaporization contain toxic
chemicals such as benzene and formaldehyde, and in 1996, NIOSH released a Health Hazard Alert
on the dangers of smoke plumes.8?

Clinical and laboratory studies have demonstrated that when the carbon dioxide laser is used to
treat verrucae (papilloma and warts), intact viral DNA could be recovered from the plume. Viable
viruses can be found in plumes produced by both carbon dioxide and argon laser vaporization of a
virus-loaded culture plate, but viable viruses are carried on larger particles that travel less than
100 mm from the site being vaporized.83

A case report describes laryngeal papillomatosis in a surgeon who had used a laser to remove
anogenital condylomas from several patients.®* Although DNA analysis of the surgeon's papillomas
revealed a viral type similar to that of the condylomas, proof of transmission is lacking.

To protect operating room personnel from exposure to the viral and chemical content of the laser
plume, it is recommended that a smoke evacuation system be utilized with the suction nozzle
being held as close as possible to the tissue being vaporized.®® In addition, operating room
personnel working in the vicinity of the laser plume should wear gloves, goggles, and high-
efficiency filter masks.”3

EMOTIONAL CONSIDERATIONS

Stress

Stress is a well-recognized element of the operating room workplace. However, there is very little
objective information specifically directed toward understanding the nature of job-related stress
among anesthesiologists.86

Stress is a nonspecific response to any change, demand, pressure, challenge, threat, or trauma.®”’
There are three distinct components of the stress response: the initiating stressors, the
psychological filters that process and evaluate the stressors, and the coping mechanisms that are
employed in an attempt to control the stressful situation.

Stress on the job is unavoidable and to a certain degree is desirable. A moderate, manageable
level of stress is the fuel necessary for individual achievement. Hans Seyle, one of the pioneering
scientists in the modern study of stress, described a beneficial effect resulting from mild, brief
and controllable episodes of stress.®® In Seyle's words, “The absence of stress is death.” On the
other hand, extreme degrees of stress can be associated with disorders of the psychological
homeostatic mechanism and consequently can lead to physical or mental disease. Exactly how an
individual responds to a particular stressor is the product of a series of factors, including age,
gender, experience, preexisting personality style, available defense and coping mechanisms,
support systems, and concomitant events (such as sleep deprivation).

A number of circumstances that classically define a stressful workplace are characteristic of the
practice of anesthesiology. There is a background of chronic, low-level stress punctuated by
intermittent episodes of extreme stress. The demands are externally paced, usually out of the
anesthesiologist's control. Habituation to the demands is difficult. Perturbations are intermittently



but continuously inserted into the system. Finally, failure to meet the demands imposed by the
workplace produces grave consequences.

Certain stressors are specific to the practice of anesthesiology. Concerns about liability, long
working hours and night call, production pressures, economic uncertainty, and interpersonal
relations are frequently cited as sources of chronic stress for anesthesiologists. The process of
inducing anesthesia (particularly with a difficult airway) can be among the most profound sources
of acute stress to anesthesiologists. Physiologic changes, including heart rate and rhythm,
elevations in blood pressure, and myocardial ischemia, are not uncommon. One study reported
increases in the blood pressure and heart rate of anesthesiologists during all stages of the
anesthetic procedure, especially during the induction.®® There was an inverse relationship between
the years of experience of the anesthesiologist and the degree of stress as manifested by heart
rate change.

Interpersonal relationships impose a set of demands that can be a major source of stress to an
anesthesiologist. The operating room is unique as one of the few hospital sites where two co-equal
physicians simultaneously share responsibility for the care of a patient. This creates a situation in
which there are overlapping realms of clinical responsibility that can upset the customary
hierarchy of command. To many anesthesiologists, as well as surgeons, this shared responsibility
is the source of greatest conflict and professional stress. Other workplace settings, most notably
the airline industry, have made better progress in identifying and correcting sources of
interpersonal friction that facilitate stress and lead to professional errors.®°

Several personality traits, in many cases identifiable before entrance to medical school, can be
predictive of the potential toward maladaptive responses to stress. Prominent among these is the
obsessive-compulsive, dependent character structure. These individuals typically manifest
pessimism, passivity, self-doubt, and feelings of insecurity. Commonly they respond to stress by
internalizing anger and becoming hypochondriacal and depressed. Undergraduate students who
demonstrate these characteristics were more likely to have their medical careers disrupted by
alcoholism or drug abuse, psychiatric illness, and marital disturbances.®* McDonald et al®? applied
some of these considerations in an attempt to identify psychological attributes that may be of
value in the selection
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process for anesthesiology residents. A large number of adaptive coping functions have been
advocated for successful stress management.®” Only when appropriate coping mechanisms become
overwhelmed by the magnitude of the stress do the defenses tend to become inappropriate. This
situation may give rise to maladaptive behavior and the personal and professional deterioration
that can lead to disorders such as drug addiction, professional burnout, and suicide.

Substance Use, Abuse, and Dependence

Illicit drug use remains one of our society's major afflictions. It is estimated that 20 million
Americans are drug abusers, with some 5 million addicted. Substance abuse is characterized by
significant adverse consequences resulting from the repeated use of a substance.®3 With chemical
dependence, the individual continues to use a substance in spite of having significant substance-
related problems including symptoms of withdrawal, the need for larger amounts of the substance,
unsuccessful attempts to control its use, and the need to spend increasing amounts of time
seeking the substance. With time, chemical dependence leads to health, social, and economic
problems.

Epidemiology

The abuse of drugs and consequent chemical dependency by physicians has attracted considerable
media attention and notoriety. Recognition of the problem of substance dependence among
physicians is not new. In the first edition of The Principles and Practice of Medicine, edited by Sir
William Osler and published in 1892, it is stated: “The habit (morphia) is particularly prevalent
among women and physicians who use the hypodermic syringe for the alleviation of pain, as in
neuralgia or sciatica.”



It is debatable whether substance abuse is more prevalent among physicians than the general
population. Hughes et al®* found that physicians abused alcohol, minor opiates, and
benzodiazepine tranquilizers more frequently than the general population. In many cases, the
prescription drugs were self-prescribed and were considered by the physician to be “self-
treatment.” On the other hand, physicians were less likely to use tobacco or illicit substances. A
report from the National Institute on Drug Abuse concludes that HCW suffer from chemical
dependency (including alcohol abuse) at a rate roughly equivalent to that of the general
population (8 to 12%).°%

In the event that a drug-related problem does exist, physicians are less likely than the population
in general to seek professional assistance. Denial plays a major role in this reluctance to undergo
counseling or therapy. Medical students learn early in their education to utilize denial to enable
them to endure long, sleepless nights and the personal shortcomings that inevitably accompany
the practice of medicine. These well-developed denial mechanisms enable the physician-addict to
conclude that his or her problem is minor and that self-treatment is possible. Physicians typically
enter programs for treatment only after they have reached the end stages of their illness.

It is commonly reported that chemical dependency is a specific problem for the specialty of

anesthesiology and represents its primary occupational hazard.®® One example of the
increased incidence of substance abuse reported among anesthesiologists comes from the Medical
Association of Georgia Disabled Doctors' Program.®’ Anesthesiologists constituted 12% of
physician patients treated at the center although they represented only 3.9% of American
physicians. On the other hand, other studies have failed to identify an overall excess prevalence
of substance abuse among anesthesiologists with the notable exception of major opiates.®8:°°

One very troubling aspect of this problem is the increased incidence of substance abuse reported
among anesthesiology residents. In the report from the Medical Association of Georgia Disabled
Doctors' Program,®” anesthesiology residents constituted 33.7% of the resident population of the
treatment group, despite representing only 4.6% of the resident population.

The incidence of controlled substance abuse within anesthesiology training programs is estimated
to be 1 to 2%.1°° This statistic is particularly troubling because it has persisted despite the
increased emphasis placed on education and accountability of controlled substances in the recent
decade. ACGME requirements mandate that anesthesiology residency programs have a written
policy and an educational program regarding substance abuse, but these efforts have not
successfully addressed the problem of substance abuse in training programs.

The Disease of Substance Dependence

What accounts for this unacceptably high prevalence of substance dependence among
anesthesiologists? To answer this, it is important to understand substance dependence as a
chronic psychosocial, biogenetic disease.®! Addiction shares many characteristics with other
common chronic illnesses: (1) it is a primary condition (not a symptom), (2) it has established
etiologies, (3) it is associated with specific anatomic and physiologic changes, (4) it has a set of
recognizable signs and symptoms, and (5) if left untreated, it has a predictable, progressive
course.

The causative factors in this disease process involve a genetic predisposition as well as the
environment. The disease results from a dynamic interplay between a susceptible host and a
“favorable” environment. Vulnerability in the host is an important factor. What constitutes an
instigating exposure to a drug in one person may have absolutely no effect on another.
Unfortunately, there is not a predictive tool to identify the susceptible individual until he or she
gets the disease.

Causative factors thought to be specific to certain anesthesiologists include job stress, an
orientation toward self-medication, lack of external recognition and self-respect, the availability of
addicting drugs, and a susceptible premorbid personality. Self-prescription and recreational use of
drugs are commonly seen as a prelude to more extensive substance abuse and dependence. Of
concern are the increasing recreational use of drugs among younger physicians and medical



students and the choice of more potent drugs with enhanced potential for addiction, such as
cocaine, the synthetic opioids, propofol, and some of the newer inhalation anesthetics.

Anesthesiologists work in a climate in which large quantities of powerful psychoactive drugs are
freely available. Anesthesiologists are unique because they usually prescribe as well as personally

administer these drugs in contrast to most other physicians who prescribe while others administer.

The experience from soldiers in the United States Army in Vietnam suggests that when there is
easy access to narcotics, alcohol use declines in favor of use of opiates. As each new synthetic
opioid, anesthetic induction agent, and inhalation anesthetic has become available for clinical use,
it has also become a drug of choice of abusing anesthesiologists. Because availability of drugs
does play a role in the onset of this disease, attention has been directed toward programs to
enforce increased accountability and regulation of controlled substances.'®? However, despite
widespread application of protocols to enforce greater accountability, such as satellite pharmacies
for operating suites, the frequency of substance abuse has changed little, if at all, in recent
years.100

There is an apparent association between behavior before entering medical school and subsequent
development of

substance abuse.'?® Personality profiles of anesthesiologists have suggested that a disturbingly
high proportion that may be associated with a predisposition toward maladaptive behavior. Talbott
et al®” have observed that many of the anesthesia residents in their treatment program
specifically chose the specialty of anesthesiology because of the known availability of powerful
drugs.

The consequences of untreated chemical dependence are ultimately devastating. There is a
gradual and inexorable deterioration in professional, family, and social relationships. The
substance abuser becomes increasingly withdrawn and isolated, first in his or her personal life,
and ultimately in his or her professional existence (Table 4-6). Every attempt is made to maintain
a facade of normality at work, because discovery means isolation from the source of the abused
drug. When professional conduct is finally impaired such that it is apparent to the physician's
colleagues, the disease is approaching its end stage.

TABLE 4-6 Signs of Substance Abuse and Dependence

*WHAT TO LOOK FOR OUTSIDE THE HOSPITAL

1. Addiction is a disease of loneliness and isolation. Addicts quickly withdraw from
family, friends, and leisure activities.

2. Addicts have unusual changes in behavior, including wide mood swings and periods
of depression, anger, and irritability alternating with periods of euphoria.

3. Unexplained overspending, legal problems, gambling, extramarital affairs, and
increased problems at work are commonly seen in addicts.

4. An obvious physical sign of alcoholism is the frequent smell of alcohol on the

breath.

Domestic strife, fights, and arguments may increase in number and intensity.

Sexual drive may significantly decrease.

Children may develop behavioral problems.

0 N o O

Some addicts frequently change jobs over a period of several years in an attempt
to find a “geographic cure” for their disease, or to hide it from coworkers.

9. Addicts need to be near their drug source. For a health care professional, this
means long hours at the hospital, even when off duty. For alcoholics, it means
calling in sick to work. Alcoholics may disappear without any explanation to bars or
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10.

11.
12.

13.

14.
15.
16.
17.

hiding places to drink secretly.

Addicts may suddenly develop the habit of locking themselves in the bathroom or
other rooms while they are using drugs.

Addicts frequently hide pills, syringes, or alcohol bottles around the house.
Persons who inject drugs may leave bloody swabs and syringes containing blood-
tinged liquid in conspicuous places.

Addicts may display evidence of withdrawal, especially diaphoresis (sweating) and
tremors.

Narcotic addicts often have pinpoint pupils.

Weight loss and pale skin are also common signs of addiction.

Addicts may be seen injecting drugs.

Tragically, some addicts are found comatose or dead before any of these signs
have been recognized by others.

*WHAT TO LOOK FOR INSIDE THE HOSPITAL

10.
11.
12.

13.

14.

15.
16.

17.
18.
19.
20.

Addicts sign out ever-increasing quantities of narcotics.

Addicts frequently have unusual changes in behavior, such as wide mood swings
and periods of depression, anger, and irritability alternating with periods of
euphoria.

Charting becomes increasingly sloppy and unreadable.

Addicts often sign out narcotics in inappropriately high doses for the operation
being performed.

They refuse lunch and coffee relief.

Addicts like to work alone in order to use anesthetic techniques without narcotics,
falsify records, and divert drugs for personal use.

They volunteer for extra cases, often where large amounts of narcotics are
available (e.g., cardiac cases).

They frequently relieve others.

They're often at the hospital when off duty, staying close to their drug supply to
prevent withdrawal.

They volunteer frequently for extra call.

They're often difficult to find between cases, taking short naps after using.
Addicted anesthesia personnel may insist on personally administering narcotics in
the recovery room.

Addicts make frequent requests for bathroom relief. This is usually where they use
drugs.

Addicts may wear long-sleeved gowns to hide needle tracks and also to combat the
subjective feeling of cold they experience when using narcotics.

Narcotic addicts often have pinpoint pupils.

An addict's patients may come into the recovery room complaining of pain out of
proportion to the amount of narcotic charted on the anesthesia records.

Weight loss and pale skin are also common signs of addiction.

Addicts may be seen injecting drugs.

Untreated addicts are found comatose.

Undetected addicts are found dead.

Adapted from Farley WJ, Arnold WP: Videotape: Unmasking addiction: Chemical
Dependency in Anesthesiology. Produced by Davids Productions, Parsippany, NJ, funded

by Janssen Pharmaceutica, Piscataway, New Jersey, 1991.




Reprinted with permission from American Society of Anesthesiologists: Task Force on
Chemical Dependence of the Committee on Occupational Health of Operating Room
Personnel: Chemical Dependence in Anesthesiologists: What You Need to Know When You
Need to Know It. Park Ridge, lllinois, American Society of Anesthesiologists, 1998.

In its end stage, substance dependence is often a fatal illness. Alexander et al'# calculated a
relative risk of 2.75 for drug-related deaths among anesthesiologists compared to internists. In
their study of substance abuse in anesthesiologists, Ward et al'°* reported that among the 334
confirmed drug abusers, 27 died of drug overdose and in another 3, abuse was discovered at
death. Gravenstein et al'®® reported 7 deaths among 44 confirmed drug abusers. Menk et all%¢
found 14 drug-related deaths among the 79 drug abusers who had been reenrolled in
anesthesiology residencies after treatment.

In addition to health hazards, there are significant legal and medicolegal considerations that may
affect chemically dependent physicians.®® Laws and regulations vary by state but they detail the
necessary steps for handling the drug-abusing physician. In many states disciplinary action and
criminal penalties can be imposed on physicians who knowingly fail to report an impaired
colleague. Disciplinary action taken against an impaired physician must also be reported to the
National Practitioner Data Bank to be in compliance with federal law. State medical societies often
have “wellness committees,” and when chemically dependent physicians seek treatment through
this venue, the legal impact may be mitigated.

Debate continues regarding the issue of compulsory random drug testing of physicians.%7
Preemployment and/or random drug screening is already well established in various industries,
especially those with high public health profiles (nuclear, aviation, military). Many chairs of
academic anesthesiology programs have indicated a willingness to initiate a program of random
drug screening of their staff.1°© Although random drug testing is an established element of most
reentry contracts for recovering anesthesiologists, serious questions remain about the legality of
this approach and its effectiveness in preventing substance abuse. Because fentanyl and sufentanil
are the drugs abused by many chemically dependent anesthesiologists and because routine drug
screens do not detect these agents, tests that effectively identify their use are expensive and
have limited availability.

When there is sufficient data to identify an anesthesiologist as having chemical dependence, an
intervention should be conducted by an experienced individual. The purpose of the intervention is
to demonstrate to the anesthesiologist that they have the disease and to immediately have them
enter a facility for evaluation and treatment. Treatment usually begins with inpatient therapy
progressing to outpatient sessions. The family is actively involved with treatment, and the
individual begins association with Alcoholics Anonymous (AA) or Narcotics Anonymous (NA).

Controversy remains about the ultimate career path of the anesthesiologist in recovery from
chemical dependency. Within the general population, the recidivism rate approaches 60% for
patients who have been treated for drug dependency. However, physicians are highly motivated
and better rehabilitation rates might be expected. Reports by Talbott et al®” and Ward et alt%4
provided early optimism that in many cases anesthesiologists could be successfully rehabilitated
and safely returned to their practices. In a study that examined relapse in addicted physicians,
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the rate of relapse among anesthesiologists was 40% and that of control physicians was 449%.108
Sustained recovery for longer than 2 years occurred in 81% and 86%, respectively. Although
these data suggested that the outcome for recovering anesthesiologists was similar to other
physicians, a study by Menk and colleagues!®® drew a different conclusion. Among 79 opioid-
dependent anesthesiology residents, there was a 66% (52 of 79) failure rate for successful
rehabilitation and return to practice. Even more discouraging, there were 14 suicide or overdose
deaths among the 79 returning trainees. Their conclusion was that redirection into another
specialty is the safer course after rehabilitation of narcotic-dependent residents.

Because of the contradictory data, no universal recommendations can be made about reentry into
the practice of anesthesia after treatment. The American Board of Anesthesiology has established
a policy for candidates with a history of alcoholism or illegal use of drugs (Table 4-7). To reenter
practice, the recovering physician must qualify for a valid license to practice medicine and must
be recredentialed at their medical facility. This must be done in compliance with their state laws
and regulations that detail the circumstances under which a recovering physician can return to
practice. Federal laws, such as the Americans with Disabilities Act, impose additional
considerations. Additionally, a carefully worded contract is an important first step in the reentry
process to define the obligations of the physician and the department.®%.1°% There should also be
regular meetings with the departmental supervisor to monitor the return process. It is also
generally recommended that the returning anesthesiologist not take night or weekend call or
handle opioids without direct supervision for at least the first 3 months. Despite all of these
precautions, the potential for relapse must be anticipated.

TABLE 4-7 Policy Statement of the American Board of Anesthesiology (ABA)

The Americans with Disabilities Act (ADA) protects individuals with a history of alcohol
abuse or substance abuse who are not currently abusing alcohol or using drugs illegally.
The ABA supports the intent of the ADA.

The ABA will admit qualified applicants and candidates with a history of alcohol abuse to
its examination system and to examination if, in response to its inquiries, the ABA
receives acceptable documentation that they do not currently pose a direct threat to the
health and safety of others.

The ABA will admit qualified applicants and candidates with a history of illegal use of
drugs to its examination system and to examination if, in response to its inquiries, the
ABA receives acceptable documentation that they are not currently engaged in the illegal
use of drugs.

After a candidate with a history of alcohol abuse or illegal use of drugs satisfies the
examination requirements for certification, the ABA will determine whether it should
defer awarding its certification to the candidate for a period of time to avoid certifying a
candidate who poses a direct threat to the health and safety of others. If the ABA
determines that deferral of the candidate's certification is appropriate because the
candidate does currently pose a threat to the health and safety of others, the ABA will
assess the specific circumstances of the candidate's history of alcohol abuse or illegal
use of drugs to determine when the candidate should write the Board to request issuance
of its certification.

Reprinted with permission from Booklet of Information, Board Policies 6.01: Alcohol and
Substance Abuse. Raleigh, North Carolina, American Board of Anesthesiology, March
2004.

Guidelines from physician treatment centers may be helpful to assist in the decisions surrounding
reentry.®® Individuals who, in most situations, can successfully return to the



practice of anesthesiology immediately after treatment (Category 1) accept and understand their
disease and have no evidence of accompanying psychiatric disorders. They have strong support
from their family, demonstrate a balanced lifestyle, are committed to their recovery contract, and
bond with AA or NA. Their anesthesiology department and hospital must be supportive of their
return, and the individual must have a sponsor that supports their return to anesthesiology.

Category Il includes those individuals who could possibly return to anesthesiology within a few
years. They must have no or minimal denial regarding their disease and have no other psychiatric
diagnoses. Their recovery skills are continually improving and they are involved, but not
necessarily bonded, with AA/NA. Although their family situation may be characterized as
dysfunctional, there should be tangible evidence of improvement.

Individuals who should not return to anesthesiology and would best be redirected into another
medical specialty are included in Category Ill. These individuals may have had a history of
prolonged intravenous substance use and have experienced relapses and prior treatment failures.
Their disease remains active, and they have coexisting severe psychiatric diagnoses. Often, these
individuals entered anesthesiology with an expectation of being able to readily obtain drugs.

Impairment

Substance abuse probably accounts for the majority of the cases of impairment among physicians.
(An impaired physician is defined as one “whose performance as a professional person and as a
practitioner of the healing arts is impaired because of alcoholism, drug abuse, mental illness,
senility, or disabling disease.”''?) Other factors that may lead to impairment include physical or
mental illness and deterioration associated with aging. Some authorities include unwillingness or
inability to keep up with current literature and techniques as a form of impairment.

Data regarding the prevalence of these disabling disorders are more difficult to obtain than are
those on drug abuse. Physicians are admitted to psychiatric facilities for organic psychoses,
personality disorders, schizophrenia, neuroses, and affective, disorders, particularly depression.

It is not surprising that depression should figure prominently among the personality
characteristics of emotionally impaired physicians. One survey noted that approximately 30% of
medical interns were clinically depressed.''! Indeed, when exaggerated, many of the personality
traits that ensure success in the physician's world, such as self-sacrifice, competitiveness,
achievement orientation, denial of feelings, and intellectualization of emotions, may also serve as
risk factors for depression. Several studies on alcoholic physicians have provided some insight into
this link between achievement orientation and emotional disturbance. In one study, more than half
of the alcoholic physicians graduated in the upper one third of their medical school class, 23%
were in the upper one tenth, and only 5% were in the lower one third of their class.''? Similarly, a
report on alcohol use in medical school demonstrated better first-year grades and higher scores on
Part | National Board of Medical Examiners tests among those students identified as alcohol
abusers.''3 Alcohol abuse is likely a manifestation of psychological disturbance resulting from
excessive degrees of stress among some students who are most determined to have flawless
records.

It can be difficult to appropriately respond to the problems imposed by the impaired or unsafe
anesthesiologist.''4 Fortunately, most state legislatures and medical societies have formal
protocols that address the impaired physician. These programs are usually therapeutic and
nonpunitive in nature and provide for a relatively nonthreatening environment for intervention for
the impaired physician. The license suspension power of the State Board of Medical Examiners is
exercised only in cases in which a real risk to the public welfare exists and the involved physician
is unwilling to voluntarily suspend practice and accept assistance. Management protocols for
dealing with the impaired physician are covered in a series of articles by Canavan.1®

The Aging Anesthesiologist

Little research has been directed toward the challenges faced by older anesthesiologists.*3 This is
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in contrast to the situation in most other industries where strict attention is paid to the
competence and well-being of older workers. For example, commercial pilots are required to take
regular medical examinations and conform to policies regarding hours of work.

There are no age-specific conditions placed on state medical licensure or on the practice of
anesthesiology. In most cases, the decision to limit practice or retire remains at the discretion of
the individual anesthesiologist based on his or her self-evaluation. Since 2000, diplomates of the
American Board of Anesthesiologists have time-limited certification and must successfully
complete the Maintenance of Certification in Anesthesiology program every 10 years to document
continuing qualifications and to maintain certification.

As a result of a number of demographic factors, including the smaller residency class sizes
observed during the mid 1990s, the mean age of the anesthesiology workforce is increasing. The
greatest number (30%) of anesthesiologists are between age 45 and 54 years of age, and 56% are
age 45 and older (up from 49% 10 years ago).'®

Several physiologic changes frequently associated with aging have the potential of impacting on
an individual's ability to practice anesthesiology. Potential sources of impairment including
decrements in hearing, vision, short-term memory, strength, and endurance may often be
compensated by other advantages conferred by older age, including the experience acquired by a
lifelong practice of the specialty.

One area of particular difficulty for anesthesiologists is maintaining the stamina required for long
work shifts and night call. Superimposed on a propensity to sleep disturbance, the demands of
night call and associated sleep deprivation are particularly difficult for older anesthesiologists.
Night call is considered one of the most stressful aspects of practice and is often cited as a reason
for retirement among older anesthesiologists.

Aging among anesthesiologists raises interesting legal issues. A number of federal laws potentially
impact the aging anesthesiologist's and his or her colleagues' decisions whether to continue to
work and under what arrangements. These include the Age Discrimination Act, Title VII of the Civil
Rights Act (“Equal Pay Act”), the Medical and Family Leave Act, the Fair Labor Standards Act, and
the Employee Retirement Income Security Act (ERISA). An anesthesiologist's decision to retire
must fit within the complex framework of federal and state laws and regulations. Anesthesiologists
tend to retire at a younger age than do many other specialists.!1®

Mortality Among Anesthesiologists

0 It is debatable whether anesthesiologists are subject to premature death compared to other

physicians. Early studies of anesthesiologists in the United States!® and studies conducted in
Europe!l” have demonstrated death rates among anesthesiologists less than that seen in their
control groups. However, contrary results have been reported in other studies both from the
United States!* and Europe.''® As an example, data
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from Alexander et al'* demonstrated a significant difference in the mean age at death among
anesthesiologists, 66.5 = 14.7 years, compared to their control group (internists), 69.0 = 14.5
years. In a subsequent study, Katz'® concluded that there was no statistical difference in age-
specific mortality among anesthesiologists, internists, and other physicians when ages of the
living members of the physician groups were considered in the analyses.

Suicide

Perhaps one of the most alarming of the potential occupational hazards for anesthesiologists is a
frequently cited excess rate of suicide. It has been well established that among physicians in
general, the rate of suicide ranks disproportionately high as a cause of death.''® Early reports
singled out anesthesiologists as being particularly vulnerable. However, this conclusion has been
questioned as the result of the methodological difficulties in collecting accurate data on suicide
and the frequent failure to adequately correct for confounding variables in the study populations.



Why might there be a high rate of suicide among anesthesiologists? A partial explanation lies with
the high degree of stress that is an integral part of the job. The relationship between generalized
stress and suicide is not direct. But, in susceptible people, feelings of inability to cope resulting
from overwhelming stress can give way to despair and suicide ideation.

Extensive personality profiles collected from suicide-susceptible individuals indicate characteristics
such as high anxiety, insecurity, low self-esteem, impulsiveness, and poor self-control. It is
disturbing to note that in Reeve's study of personality traits of anesthesiologists,?° some 20%
manifested psychological profiles that reflected a predisposition to behavioral disintegration and
attempted suicide when placed under extremes of stress. This study raises the discomforting
notion that “premorbid” personality characteristics exist before entering specialty training and are
not being identified in the admissions process.

One specific type of stress, that resulting from a malpractice lawsuit, may have a direct causative
association with suicide among physicians in general and anesthesiologists in particular.
Newspaper reports have described the emotional deterioration and ultimate suicide of experienced
physicians who have become involved in a malpractice suit. One study reported that 4 of 185
anesthesiologists being sued for medical malpractice attempted or committed suicide.??

Substance abuse among anesthesia personnel is another potential contributor to the increased
suicide rate. Individuals with chemical dependence, who are not identified and are in the end
stages of the disease, may die of drug overdose, a cause of death that may be difficult to
distinguish from suicide. Physicians who are impaired from chemical dependence and whose
privileges to practice medicine are revoked are also at heightened risk for attempting suicide.
Crawshaw et al'?? reported eight successful and two near-miss suicide attempts among 43
physicians placed on probation for drug-related disability.
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Professional Liability, Quality Improvement, and
Anesthetic Risk
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Donald A. Kroll

KEY POINTS

o Medical malpractice refers to the legal concept of professional negligence. The
patient-plaintiff must prove that the anesthesiologist owed the patient a duty,
failed to fulfill this duty, that the anesthesiologist's actions caused an injury,
and that the injury resulted from a breach in the standard of anesthesia care.

o The court establishes the standard of care in a particular case by the testimony
of expert witnesses. The standard of care may also be determined from
published sources such as hospital policies, textbooks, and standards adopted
by the American Society of Anesthesiologists.

o Risk management programs are broadly oriented toward reducing the liability
exposure of the organization. Risk management programs complement quality
improvement programs in minimizing liability exposure while maximizing quality
of patient care.

o Quality improvement programs are generally guided by the requirements of the
Joint Commission on Accreditation of Healthcare Organizations (JCAHO). Quality
improvement programs focus on improving the structure, process, and outcome
of care.

o Continuous quality improvement (CQI) is a systems approach to identifying and
improving quality of care.

o Anesthetic mortality has decreased recently but accidental deaths and disabling
complications still occur.

In anesthesia, as in other areas of life, everything does not always go as planned. Undesirable
outcomes occur regardless of the quality of care provided. The legal aspects of American medical
practice have become increasingly important as the public has turned to the courts for economic



redress when their expectations of medical treatment are not met. Payers such as Medicare are
increasingly depending on accreditation through bodies such as the Joint Commission on
Accreditation of Healthcare Organizations (JCAHO) to ensure that mechanisms are in place to
deliver quality care to all patients. An anesthesia risk management program can work in
conjunction with a program for quality improvement to minimize the liability risk of practice while
assuring the highest quality of care for patients.

This chapter provides background for the practitioner about how the legal system handles
malpractice claims and the role of risk management activity in minimizing and managing liability
exposure. An introduction to the concepts of quality improvement (formerly called quality
assurance) extends the discussion to the broader arena of quality of care in anesthesia practice.
Finally, there is a discussion of anesthetic mortality and some anesthetic complications frequently
associated with malpractice litigation.

PROFESSIONAL LIABILITY

This section addresses the basic concepts of medical liability. A more detailed discussion of the
steps of the lawsuit process and appropriate actions for physicians to take when sued is available
from the American Society of Anesthesiologists (ASA).?

Tort System

Although physicians may become involved in the criminal law system in a professional capacity,
they more commonly become involved in the legal system of civil laws. Civil law is broadly divided
into contract law and tort law. A tort may be loosely defined as a civil wrongdoing; negligence is
one type of tort. Malpractice actually refers to any professional misconduct but its use in legal
terms typically refers to professional negligence.

o To be successful in a malpractice suit, the patient—plaintiff must prove four things:

1. Duty: that the anesthesiologist owed the patient a duty;
2. Breach of duty: that the anesthesiologist failed to fulfill his or her duty;
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3. Causation: that a reasonably close causal relation exists between the anesthesiologist's acts
and the resultant injury; and

4. Damages: that actual damage resulted because of a breach of the standard of care.

Failure to prove any one of these four elements will result in a decision for the defendant—
anesthesiologist.

Duty

As a physician, the anesthesiologist establishes a duty to the patient when a doctor—patient
relationship exists. When the patient is seen preoperatively, and the anesthesiologist agrees to
provide anesthesia care for the patient, a duty to the patient has been established. In the most
general terms, the duty the anesthesiologist owes to the patient is to adhere to the standard of
care for the treatment of the patient. Because it is virtually impossible to delineate specific
standards for all aspects of medical practice and all eventualities, the courts have created the
concept of the reasonable and prudent physician. For all specialties, there is a national standard
which has displaced the local standard.

There are certain general duties that all physicians have to their patients, and breaching these
duties may also serve as the basis for a lawsuit. One of these general duties is that of obtaining
informed consent for a procedure. Consent may be written, verbal, or implied. Oral consent is just
as valid, albeit harder to prove years after the fact, as written consent. Implied consent for
anesthesia care may be present in circumstances in which the patient is unconscious or unable, for



any reason, to give his or her consent, but where it is presumed that any reasonable and prudent
patient would give consent.

Although there are exceptions to the requirement that consent be obtained, anesthesiologists
should be sure to obtain consent whenever possible. Failure to do so could, in theory, expose the
anesthesiologist to possible prosecution for battery.

The requirement that the consent be informed is somewhat more opaque. The guideline is
determining whether the patient received a fair and reasonable account of the proposed
procedures and the risks inherent in these procedures. The duty to disclose risks is not limitless,
but it does extend to those risks that are reasonably likely in any patient under the circumstances
and to those that are reasonably likely in particular patients because of their condition. For
example, it would be prudent to inform the patient of possible sore throat or dental damage
associated with tracheal intubation, but not about an unlikely complication such as vocal cord
paralysis.

Breach of Duty

In a malpractice action, expert witnesses will review the medical records of the case and
determine whether the anesthesiologist acted in a reasonable and prudent manner in the specific
situation and fulfilled his or her duty to the patient. If they find that the anesthesiologist either
did something that should not have been done or failed to do something that should have been
done, then the duty to adhere to the standard of care has been breached. Therefore, the second
requirement for a successful suit will have been met.

Causation

Judges and juries are interested in determining whether the breach of duty was the proximate
cause of the injury. If the odds are better than even that the breach of duty led, however
circuitously, to the injury, this requirement is met.

There are two common tests employed to establish causation. The first is the but for test, and the
second is the substantial factor test. If the injury would not have occurred but for the action of
the defendant-anesthesiologist, or if the act of the anesthesiologist was a substantial factor in the
injury despite other causes, then proximate cause is established.

Although the burden of proof of causation ordinarily falls on the patient-plaintiff, it may, under
special circumstances, be shifted to the physician-defendant under the doctrine of res ipsa
loquitur (literally, “the thing speaks for itself”). Applying this doctrine requires proving that:

1. the injury is of a kind that typically would not occur in the absence of negligence,
2. the injury must be caused by something under the exclusive control of the anesthesiologist,
3. the injury must not be attributable to any contribution on the part of the patient,

4. the evidence for the explanation of events must be more accessible to the anesthesiologist
than to the patient.

Because anesthesiologists render patients insensible to their surroundings and unable to protect
themselves from injury, this doctrine may be invoked in anesthesia malpractice cases. All that
needs to be proved is that the injury typically would not occur in the absence of negligence. At
this point, the anesthesiologist is put in the position of having to prove that he or she was not
negligent.

Damages

The law allows for three different types of damages. General damages are those such as pain and
suffering that directly result from the injury. Special damages are those actual damages that are a



consequence of the injury, such as medical expenses, lost income, and funeral expenses. Punitive
damages are intended to punish the physician for negligence that was reckless, wanton,
fraudulent, or willful. Punitive damages are exceedingly rare in medical malpractice cases. More
likely in the case of gross negligence is a loss of the license to practice anesthesia. In extreme
cases, criminal charges may be brought against the physician. Determining the dollar amount of
damages is the job of the jury, and the determination is usually based on some assessment of the
plaintiff's condition versus the condition he or she would have been in had there been no
negligence. Plaintiffs' attorneys generally charge a percentage of the damages and will, therefore,
seek to maximize the award given.

Standard of Care

Because medical malpractice usually involves issues beyond the comprehension of lay jurors

and judges, the court establishes the standard of care in a particular case by the testimony
of expert witnesses. These witnesses differ from factual witnesses mainly in that they may give
opinions. The trial court judge has sole discretion in determining whether a witness may be
qualified as an expert. Although any licensed physician may be an expert, information will be
sought regarding the witness's education and training, the nature and scope of the person's
practice, memberships and affiliations, and publications. The purpose in gathering this information
is not only to establish the qualifications of the witness to provide expert testimony, but also to
determine the weight to be given to that testimony by the jury. In many cases the success of a
suit depends primarily on the stature and believability of the expert witnesses.

In certain circumstances, the standard of care may also be determined from published societal
guidelines, written policies of a hospital or department, or textbooks and monographs. Some
medical specialty societies have carefully avoided applying the term “standards” to their
guidelines in the hope that no binding behavior or mandatory practices have been created. In
1986 the ASA, for the first time, published Standards for Basic Intra-Operative Monitoring (now
entitled Standards for Basic Anesthetic Monitoring). These standards have been
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updated several times since their initial adoption and are more binding than guidelines. The
essential difference between standards and guidelines is that guidelines should be adhered to and
standards must be adhered to. Currently, the ASA also publishes standards on preanesthesia care
and postanesthesia care, as well as guidelines for a variety of anesthesia-related activities.?

Causes of Suits

Since 1985, the principal cause of suits against anesthesiologists is patient injury. The ASA
Committee on Professional Liability has conducted a nationwide analysis of malpractice claims
against anesthesiologists.®“ The leading injuries in malpractice claims in the 1990s were death
(22%), nerve damage (21%), and brain damage (10%). The causes of death and permanent brain
damage were predominantly problems in airway management, such as inadequate ventilation,
difficult intubation, premature extubation, and multifactorial and other cardiovascular events such
as arrhythmia, stroke, and myocardial infarction. Nerve damage, especially to the ulnar nerve,
often occurs despite apparently adequate positioning.5® Spinal cord injury was the most common
cause of nerve damage claims against anesthesiologists in the 1990s.5 Chronic pain management
is an increasing source of malpractice claims against anesthesiologists.”

Because death and brain damage are high-cost injuries, anesthesia practice is clearly a high-risk
endeavor. The anesthesiologist is likely to be the target of a law suit if an untoward outcome
occurs because the physician—patient relationship is usually tenuous at best. That is the patient
rarely chooses the anesthesiologist, the preoperative visit is brief, and the anesthesiologist who
sees the patient preoperatively may not actually anesthetize the patient. Communication between
anesthesiologists and surgeons about complications is often lacking and the tendency is for the
surgeon to “blame anesthesia.”

Supervision of nurse anesthetists is another endeavor that puts the anesthesiologist in a high-risk
category. The more nurse anesthetists supervised by any one anesthesiologist, the greater the



exposure to the possibility of patient injury. Anesthesiologists are liable not only for the nurse
anesthetists they employ but also for those they supervise who are employed by the hospital.

Because anesthesiologists are involved in the care of patients undergoing high-risk surgical
procedures, they are often sued along with the surgeon in the case of an adverse outcome. This
may occur even if the outcome was in no way related to the anesthetic care.

What to Do When Sued

A lawsuit begins when the patient—plaintiff's attorney files a complaint and demand for jury trial
with the court. The anesthesiologist is then served with the complaint and a summons requiring an
answer to the complaint. Until this happens, no lawsuit has been filed. Insurance carriers must be
notified immediately after the receipt of the complaint. The anesthesiologist will need assistance
in answering the complaint, and there is a time limit placed on the response.

Specific actions at this point include the following:

1. Do not discuss the case with anyone, including colleagues who may have been involved,
operating room personnel, or friends.

2. Never alter any records.

3. Gather together all pertinent records, including a copy of the anesthetic record, billing
statements, and correspondence concerning the case.

4. Make notes recording all events recalled about the case.

5. Cooperate fully with the attorney provided by the insurer.

The first task the anesthesiologist must perform with an attorney is to prepare an answer to the
complaint. The complaint contains certain facts and allegations with which the defense may either
agree or disagree. Defense attorneys rely on the frank and totally candid observations of the
physician in preparing an answer to the complaint. Physicians should be willing to educate their
attorneys about the medical facts of the case, although most medical malpractice attorneys will be
knowledgeable and medically sophisticated.

The next phase of the malpractice suit is called discovery. The purpose of discovery is the
gathering of facts and clarification of issues in advance of the trial. Another purpose of discovery
is to assess or harass the defendant to determine how good a witness he or she will make. This
occurs at several points in the discovery process, and by several mechanisms.

In all likelihood the anesthesiologist will receive a written interrogatory, which will request factual
information. In consultation with the defense attorney, the interrogatory should be answered in
writing, because carelessly or inadvertently misstated facts can become troublesome later.

Depositions are a second mechanism of discovery. The defendant—anesthesiologist will be deposed
as a fact witness, and depositions will be obtained from other anesthesiologists who will act as
expert witnesses. The defendant—anesthesiologist may be asked to suggest other anesthesiologists
who would provide expert review of the medical records. A nationally recognized expert in the
area in question who is not a personal friend but agrees with the defense position may be very
valuable.

The plaintiff's attorney, not the defense attorney, will depose the anesthesiologist. Most often, the
deposition will occur at a place and time convenient for the anesthesiologist, typically in the
defense attorney's office. Despite the apparent informality of the deposition, the anesthesiologist
must be constantly aware that what is said during the deposition carries as much weight as what
would be said in court. It is important to be factually prepared for the deposition. A review of
personal notes, the anesthetic record, and the medical record is necessary. The physician should
dress conservatively and professionally because appearance and image are very important. The
opposition is assessing the physician to see how he or she will appear to a jury. Answer only the



question asked, and do not volunteer information. Occasionally, physicians will be asked leading
questions that are impossible to answer without qualifications. In this case, the physician may
qualify his or her answer but should avoid giving lengthy opinion answers.

There will be depositions from expert witnesses, both for the plaintiff and for the defense. The
anesthesiologist should work with his or her attorney to suggest questions and rebuttals. The
better educated the attorney is about the medical facts, the reasons the anesthesiologist did what
was done, and the alternative approaches, the better able the attorney will be to conduct these
expert depositions.

If there is some merit in the case but the damages are minimal, or if proof of innocence will be
difficult, there will probably be a settlement offer. There is a high cost incurred by both plaintiffs
and defendants in pursuing a malpractice claim up through a jury trial. Unless there is a strong
probability of a large dollar award, reputable plaintiffs’ attorneys are not likely to pursue the
claim. Thus, even if physicians believe that they are totally innocent of any wrongdoing, they
should not be offended or angered about settling of the case: this is solely a matter of money, not
medicine.

If a settlement is not reached during the discovery phase, a trial will occur. Only about 1 in 20
malpractice cases ever reaches the point of a jury trial. It usually becomes clear
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during discovery whether the suit has a solid chance of being successfully prosecuted. Only those
cases in which both sides feel they can win, and which are likely to have significant financial
impact, will proceed to trial.

The discussion of deposition testimony also applies to testimony in court, but there are a few
additional points to consider during the trial. The members of the jury will not be as sophisticated
medically as the attorneys who deposed the anesthesiologist during discovery. A tendency to
overuse specific medical terms should be corrected by learning to explain answers in lay terms for
the benefit of the jury. Do not underestimate the intelligence of the jury, however, because
talking down to them will create an unfavorable impression. If the answer to a question is not
known, avoid guessing. If specific facts cannot be remembered, say so. Nobody expects total
recall of events that may have occurred years before.

The defendant—physician should be present during the entire trial, even when not testifying, and
should dress conservatively, neatly, and professionally. Displays of anger, remorse, relief, or
hostility will hurt the physician in court. When giving testimony, the anesthesiologist must give
clear answers to all questions asked. The physician should be able to give his or her testimony
without using notes or documents. When it is necessary to refer to the medical record, it will be
admitted into evidence. The anesthesiologist's goal is to convince the jury that he or she behaved
in this case as any other competent and prudent anesthesiologist would have behaved.

It is important to keep in mind that proof in a malpractice case means only “more likely than not.”
The patient—plaintiff must “prove” the four elements of negligence, not to absolute certainty, but
only to a probability greater than 50%. On the positive side, this means that the defendant—
anesthesiologist must only show that his or her actions were, more likely than not, within an
acceptable standard of care.

RISK MANAGEMENT AND QUALITY IMPROVEMENT

Risk management and quality improvement programs work hand in hand in minimizing

liability exposure while maximizing quality of patient care. Although the functions of these
programs vary from one institution to another, they overlap in their focus on patient safety. They
can generally be distinguished by their basic difference in orientation. A hospital risk management
program is broadly oriented toward reducing the liability exposure of the organization. This
includes not only professional liability (and therefore patient safety) but also contracts, employee
safety, public safety, and any other liability exposure of the institution. Quality improvement
programs have as their main goal the continuous maintenance and improvement of the quality of
patient care. These programs may be broader in their patient safety focus than strictly risk



management.

Risk Management

Those aspects of risk management that are most directly relevant to the liability exposure of the
anesthesiologist include prevention of patient injury, adherence to standards of care,
documentation, and patient relations.

The key factors in the prevention of patient injury are vigilance, up-to-date knowledge, and
adequate monitoring.® Physiologic monitoring of cardiopulmonary function, combined with
monitoring of equipment function, might be expected to reduce anesthetic injury to a minimum.
This was the rationale for the adoption of the ASA Standards for Basic Anesthetic Monitoring.?

The ASA website should be reviewed yearly for any changes in ASA Standards of Practice. It would
also be reasonable to review the ASA Guidelines and Statements published on the ASA website. It
should be noted that, although membership in the ASA is not required for the practice of
anesthesiology, expert witnesses will, with virtual certainty, hold any practitioner to the ASA
standards. It is also possible that, as a risk management strategy, a professional liability insurer
or hospital may hold an individual anesthesiologist to standards higher than those promulgated by
the ASA.

Another risk management tool is the use of checklists prior to each case, or at least daily, in an
attempt to reduce equipment-related mishaps.® 1911 A regular schedule of equipment maintenance
should be established as well as procedures to follow whenever equipment malfunction is
suspected of contributing to patient injury. If equipment malfunction is suspected to have
contributed to a complication, the device should be impounded and examined concurrently by the
representatives of the hospital, the anesthesiologist, and the manufacturer.

Although it may seem obvious, qualified anesthesia personnel should be in continuous attendance
during the conduct of all anesthetics. The only exceptions should be those that lay people (i.e.,
judge and jury) can understand, such as radiation hazards or an unexpected life-threatening
emergency elsewhere. Even then, provisions should be made for monitoring the patient
adequately. Adequate supervision of nurse anesthetists and residents is also important, as is good
communication with surgeons when adverse anesthetic outcomes occur.

Informed consent should be documented with a general consent, which should include a statement
to the effect that, “I understand that all anesthetics involve risks of complications, serious injury,
or, rarely, death from both known and unknown causes.” In addition, there should be a note in the
patient's record that the risks of anesthesia and alternatives were discussed, and that the patient
accepted the proposed anesthetic plan. A brief documentation in the record that the common
complications of the proposed technique were discussed is helpful. If it is necessary to change the
agreed-on anesthesia plan significantly after the patient is premedicated or anesthetized, the
reasons for the change should be documented in the record.

Good records can form a strong defense if they are adequate, however records can be disastrous if
inadequate. The anesthesia record itself should be as accurate, complete, and as neat as possible.
The use of automated anesthesia records may be helpful in the defense of malpractice cases.'? In
addition to documenting vital signs every 5 minutes, special attention should be paid to ensure
that the patient's ASA classification, the monitors utilized, fluids administered, and doses and
times of all administered drugs are accurately charted. Because the principal causes of hypoxic
brain damage and death during anesthesia are related to ventilation and/or oxygenation, all
respiratory variables that are monitored should be documented accurately. It is important to note
when there is a change of anesthesia personnel during the conduct of a case. Sloppy, inaccurate
anesthesia records, when enlarged and placed before a jury, can be damaging to the defense.

If a critical incident occurs during the conduct of an anesthetic, the anesthesiologist should
document, in narrative form, what happened, which drugs were used, the time sequence, and who
was present. This should be documented in the patient's progress notes, as catastrophic intra-
anesthetic event cannot be summarized adequately in a small amount of space on the usual
anesthesia record. The critical incident note should be written as soon as possible. The report



should be as consistent as possible with concurrent records, such as the anesthesia, operating
room, recovery room, and cardiac arrest records. If significant
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inconsistencies exist, they should be explained. Records should never be altered after the fact. If
an error is made in record keeping, a line should be drawn through the error, leaving it legible,
and the correction should be initialed and timed. Litigation is a lengthy process, and a court
appearance to explain the incident to a jury may be years away, when memories have faded.

If anesthetic complications occur, the anesthesiologist should be honest with both the patient and
family about the cause. Whenever an anesthetic complication becomes apparent postoperatively,
appropriate consultation should be obtained quickly, and the departmental or institutional risk
management group should be notified. If the complication is apt to lead to prolonged
hospitalization or permanent injury, the liability insurance carrier should be notified. The patient
should be followed closely while in the hospital, with telephone follow-up, if indicated, after
discharge. Also, the anesthesiologist and surgeon should be consistent in their explanations to the
patient or the patient's family as to the cause of any complication.

Jehovah's Withesses and Other Treatment Obligations

It is important to recognize that patients have well-established rights, and that among these is
the right to refuse specific treatments because of religious beliefs. In the case of Jehovah's
Witnesses, the treatment refused is the administration of blood or blood products. This is a central
part of their religious beliefs, which hold that the faithful will be forbidden the pleasures of the
afterlife if they receive blood or blood products. Thus, for them to receive a transfusion is a
mortal sin, and many Jehovah's Witnesses would actually rather die in grace than live with no
possibility of salvation. Anesthesiologists recognize and respect these beliefs but are also
cognizant that these convictions may conflict with the physicians' personal, religious, or ethical
codes.

Minor children of Jehovah's Witness parents represent a special group for consideration. Although
the U.S. Supreme Court has upheld the right of an adult to become a martyr by refusing
treatments based on religious convictions, no court has extended to parents the right to martyr
their children.'® Obtaining a proper court order is of critical importance in the care of a minor
child of Jehovah's Witness parents when the parents refuse to authorize a blood transfusion.

As a general rule, physicians are not obligated to treat all patients who apply for treatment in
elective situations. It is well within the rights of a physician to decline to care for any patient who
wishes to place burdensome constraints on the physician or to unacceptably limit the physician’'s
ability to provide optimal care. When presented with the opportunity to provide elective care for a
Jehovah's Witness, the physician may decline to provide any care or may limit, by mutual consent
with the patient, his or her obligation to adhere to the patient's religious beliefs. If such an
agreement is reached, it must be documented clearly in the medical record, and it is desirable to
have the patient co-sign the note. Not all Jehovah's Witnesses have identical beliefs regarding
blood transfusions or which methods of blood preservation or sequestration will be allowed. Some
patients will not allow any blood that has left the body to be reinfused, yet others will accept
autotransfusion if their blood remains in constant contact with the body (via tubing). Therefore, it
is important to reach a clear understanding of which techniques for blood preservation are to be
used and to document this plan in the record.

Emergency medical care imposes greater constraints on the treating physician, as there is no
opportunity to decline the care of a patient with an immediately life-threatening condition. If the
patient is an adult and is conscious and mentally competent, he or she has the right to refuse
blood transfusion. The exceptions to patients' rights in this regard include pregnant women and
adults who are the sole support of minor children. In these circumstances, the interests of the
fetus in surviving may supersede the rights of the mother, as may the interests of the state in not
being obligated to provide for the welfare of dependent children.'® In either case, obtaining a
court order is the best plan if time permits. If the problem concerns blood products and there is
insufficient time to obtain a court order, pregnant women should be given a transfusion to save



the life of the fetus, but parents of minor children should not receive transfusions against their
wishes unless the dependency of the children is obvious.

When the patient is a minor, it is important to ascertain the true wishes of the parents. Some
parents know that a court order can be obtained and view this as a relief from the onerous burden
of having to decide whether they are willing to let their child die. However, some parents are
adamant that blood not be given, and there have been cases in which children have been
ostracized by their parents and religious community for having received a court-ordered
transfusion. Reaching an understanding about the consequences for the child who receives a
court-ordered transfusion is therefore vital for the determination of what risks will be taken before
ordering a transfusion.

The procedure for obtaining a court order may vary, depending on the specific state laws.
Typically, an order may be obtained over the telephone. This call initiates the issue of a written
order, which will arrive several days later. Although not a totally automatic procedure, it would be
very rare for a judge to deny this order for a minor.

National Practitioner Data Bank

It is usually the obligation of the hospital risk management department to make reports and
inquiries to the National Practitioner Data Bank (NPDB), a nationwide information system that
theoretically would allow licensing boards and hospitals a means of detecting adverse information
about physicians.* Simply moving into another state would no longer provide safe haven for
incompetent physicians.

The NPDB requires input from five sources: (1) medical malpractice payments, (2) license actions
by medical boards, (3) professional review or clinical privilege actions taken by hospitals and
other health care entities (including professional societies), (4) actions taken by the Drug
Enforcement Agency (DEA), and (5) Medicare/Medicaid exclusions. There has been a great deal of
effort to establish a minimum reporting dollar value below which no report is necessary, but to
date, any payment made on behalf of a physician in response to a written complaint or claim must
be reported. Settlements made by cancellation of bills or settlements made on verbal complaints
are not considered a reportable payment.

Once a report has been submitted, the physician is notified and has 60 days from the date the
data bank processed the report to dispute the input. At this time, the reporting entity may correct
the form or void it. Failing that, the physician has the option of putting a brief statement in the
file or appealing to the U.S. Secretary of Health and Human Services, who may also either correct
or void the form. Once it is entered, there is no means of purging the form. A practitioner may
make a query about his or her file at any time. The existence of the NPDB reporting requirements
has made physicians reluctant to allow settlement of nuisance suits because it will cause their
names to be added to the data bank.

QUALITY IMPROVEMENT IN ANESTHESIA PRACTICE

o Quality is a concept that has continued to elude precise definition in medical practice.

However, it is generally accepted that attention to quality will improve patient safety and
satisfaction
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with anesthesia care. The field of quality assurance or quality improvement is continually
evolving, as is the terminology used to describe such efforts. The term “quality assurance” has
gone out of fashion, being replaced by “quality improvement” in an effort to emphasize a change
in underlying philosophy. Although quality improvement programs in anesthesia are generally
guided by requirements of the JCAHO, they are basically oriented toward improvement of the
structure, process, and outcome of health care delivery programs. An understanding of the
fundamental principles of quality improvement may clarify the relationship between the continually
evolving JCAHO requirements and mandated quality improvement activities.



Structure, Process, and Outcome: The Building Blocks of
Quality

Although quality of care is difficult to define, it is generally accepted that it is composed of three
components: structure, process, and outcome.!® Structure refers to the setting in which care was
provided, for example, personnel and facilities used to provide health care services and the
manner in which they are organized. This includes the qualifications and licensing of personnel,
ratio of practitioners to patients, standards for the facilities and equipment used to provide care,
and the organizational structure within which care is delivered. The process of care includes the
sequence and coordination of patient care activities, that is, what was actually done. Was a
preanesthetic evaluation performed and documented? Was the patient continuously attended and
monitored throughout the anesthetic? Outcome of care refers to changes in health status of the
patient following the delivery of medical care. A quality improvement program focuses on
measuring and improving these basic components of care.

Continuous quality improvement (CQI) takes a systems approach to identifying and improving

quality of care.'®'7 The operator is just one part of a complex system. An important
underlying premise is that poor results may be a result of either random or systematic error.
Random errors are inherently difficult to prevent and programs focused in this direction are
misguided. System errors, however, should be controllable and strategies to minimize them should
be within reach. CQI is basically the process of continually evaluating anesthesia practice to
identify systematic problems (opportunities for improvement) and implementing strategies to
prevent their occurrence.

A CQI program may focus on undesirable outcomes as a way to identify opportunities for
improvement in the structure and process of care. The focus is not on blame but rather on
identification of the causes of undesirable outcomes. Instead of asking which practitioners have
the highest patient mortality rates, a CQIl program may focus on the relationship between the
process of care and patient mortality. What proportion of deaths was related to the patient's
disease process or debilitated condition? Are these patients being appropriately evaluated for
anesthesia and surgery? Were there any controllable causes, such as a lack of hands during
resuscitation? The latter may lead to a modification of personnel resources (structure) or
assignments (process) to be sure that adequate personnel are available at all times.

Formally, the process of CQI involves the identification of opportunities for improvement through
the continual assessment of important aspects of care. Peer review and input are critical to this
process. It is a process that is instituted from the bottom up, by those who are actually involved
in the process to be improved, rather than from the top down by administrators. Identification of
opportunities for improvement may be carried out by various means, from brainstorming sessions
focusing on a systematic evaluation of care activities to the careful measurement of indicators of
quality (such as morbidity and mortality). In any event, once areas are identified for
improvement, their current status is measured and documented. This may involve measurement of
outcomes, such as delayed recovery from anesthesia or peripheral nerve injury. The process of
care leading to these problems is then analyzed. If a change is identified that should lead to
improvement, it is implemented. After an appropriate time period, the status is then measured
again to determine whether improvement actually resulted. Attention may then be directed to
continuing to improve this process or turning to a different process to target for improvement.

An extension of the CQI method is total quality management (TQM). A TQM program would extend
beyond patient care to apply CQIl methods to all aspects of the patient care delivery system. This
would include such things as billing and housekeeping, for example. With the expectation of
continuing changes in the structure and financing of health care in the United States, CQI
programs in anesthesia can be incorporated into TQM of the entire hospital system to maintain the
quality of patient care as practice changes are implemented in response to a changing
environment.

Difficulty of Outcome Measurement in Anesthesia



Improvement in quality of care is often measured by a reduction in the rate of adverse outcomes.
However, adverse outcomes are relatively rare in anesthesia making measurement of improvement
difficult. For example, if an institution lowers its mortality rate of surgery patients from 1 in 1,000
to 0.5 in 1,000, this difference may not be statistically significant. Many adverse outcomes in
anesthesia are even more rare.

To complement outcome measurement, anesthesia CQIl programs can focus on critical incidents,
sentinel events, and human errors. Critical incidents are events that cause, or had the potential to
cause, patient injury if not noticed and corrected in a timely manner. For example, a partial
disconnect of the breathing circuit may be corrected before patient injury occurs, yet has the
potential for causing hypoxic brain injury or death. Critical incidents are more common than
adverse outcomes. Measurement of the occurrence rate of important critical incidents may serve
as a proxy measure for rare outcomes in anesthesia in a CQI program designed to improve patient
safety and prevent injury.

Sentinel events are single, isolated events that may indicate a systemic problem. JCAHO has a
specific definition of sentinel events that will be discussed later. In general, a sentinel event may
be a significant or alarming critical incident that did not result in patient injury, such as a syringe
swap and administration of a potentially lethal dose of medication that was noted and treated
promptly, avoiding catastrophe. Or a sentinel event may be an unexpected significant patient
injury such as intraoperative death. In either case, a CQIl program may investigate sentinel events
in an attempt to uncover systemic problems in the delivery of care that can be corrected. For
example, a syringe swap may be analyzed for confusing or unclear labeling of medications or
unnecessary medications routinely stocked on the anesthesia cart, setting the scene for
unintended mix-up. In the case of death, all aspects of the patient's hospital course from selection
for surgery to anesthetic management may be analyzed to determine if similar deaths can be
prevented by a change in the care delivery system.

Human error has garnered much attention since a government report that 98,000 Americans may
die annually from medical errors in hospitals.'® Human errors are inevitable yet potentially
preventable by appropriate system safeguards.
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Errors of planning involve use of a wrong plan to achieve an aim.'® Errors of execution are the
failure of a planned action to be completed as intended. °® Modern anesthesia equipment is
designed with safeguards such as alarm systems to detect errors that could lead to patient injury.
Other anesthesia care processes are also amenable to human factors design principles, such as
color coding of drug labels. A quality improvement program may identify human errors and
institute safety systems to aid in error prevention.

JCAHO Requirements for Quality Improvement

JCAHO requirements for quality improvement activities are updated on an annual basis. In
general, a hospital must adopt a method for systematically assessing and improving important
functions and processes of care and their outcomes in a cyclical fashion. The general outline for
this CQI cycle is the design of a process or function, measurement of performance, assessment of
performance measures through statistical analysis or comparison with other data sources, and
improvement of the process or function. Then the cycle repeats. JCAHO provides specific
standards that must be met, with examples of appropriate measures of performance. The goal of
this cycle of design, measurement, assessment, and improvement of performance of important
functions and processes is to improve patient safety and quality of care.

Anesthesia care is one important function of the care of patients monitored by JCAHO. It is
important that policies and procedures for administration of anesthesia be consistent in all
locations within the organization.

In 2004, JCAHO adopted patient safety goals for accredited organizations. These include improved
accuracy of patient identification, improved effectiveness of communication among caregivers,
elimination of wrong site/wrong patient/wrong procedure surgery, improved safety of infusion
pumps, and improved effectiveness of clinical alarm systems. JCAHO also requires all sentinel



events (any unexpected occurrences involving death or serious physical or psychological injury or
risk thereof) to undergo Root Cause Analysis.?? A Root Cause Analysis is typically facilitated by
the hospital and includes everyone involved in the care of the affected patient in reconstructing
the events to identify system process flaws that facilitated medical error. Any surgery on the
wrong patient or wrong body part is included in this policy. JCAHO publishes a Sentinel Event Alert
so health care organizations can learn from the experiences of others and prevent future medical
errors.

Measuring Quality: Approaches to Data Collection

There are various methods in use for collection of CQI data in anesthesia. These include
retrospective records review as well as self-reporting by providers of care. Checklists to report
adverse events or outcomes are sometimes used. Important considerations include compliance
with reporting requirements, standardization of definitions, and appropriate sampling.

Retrospective records review usually involves a random sample of anesthesia records. The actual
review may be done by an anesthesia provider or by a trained medical records specialist. Explicit
definitions of quality indicators would be provided, such as “hypotension = blood pressure <80%
of baseline for 5 minutes or more.” Such indicators of possible quality problems and opportunities
for improvement are restricted to data that are normally included in the anesthesia record for
every patient. Records review is an especially appropriate technique for gathering data on
adequacy of documentation. An asset of automated anesthesia records is that they can be
programmed to screen all records for quality indicators.

For collection of data on events or outcomes that may not normally be charted, a self-reporting
system may be used. This is an especially good mechanism for tracking critical incidents and
sentinel events. For example, a syringe swap that was noted and corrected before drug
administration is a critical incident that would not normally be included in an anesthetic record but
could be reported by an anesthesia provider in a self-report system. Many self-report systems
provide a checklist of events and outcomes that is completed by the provider for each anesthetic.
Other systems provide general guidelines of critical incident reporting without specific check-off
items.?%:22 The relevant clinical information is then obtained from the practitioner by quality
improvement personnel.

Whatever system is used, it is important that it be in compliance with current JCAHO standards.
Standardized definitions must be provided. In general, definitions that take into account the
context of care (patient status, type of anesthetic) while maintaining explicit criteria for inclusion
in the CQI system will most clearly reflect quality issues (rather than, for example, complications
related purely to patient physical condition). For example, blood loss and replacement of 8 units
would be considered excessive and indicative of a problem during a knee arthroscopy but would be
considered minimal during a liver transplant. A strict definition of “excessive blood loss = =5
units” would identify both cases as quality issues where it would only be appropriate for the
arthroscopy. Contextualization of definitions will help avoid the frustration of providers when
presented with data that otherwise may be irrelevant to improving the process of anesthesia care.

Peer Review

Peer review, which refers to the review of cases by members of one's specialty, is an integral part
of quality improvement programs. Peer review is commonly integrated into a quality improvement
program in the context of the morbidity and mortality conference. This provides a forum for
review of case management by all members of the department, integrating an educational
component into the quality improvement process as differing knowledge bases and clinical
experiences are shared. Peer review can provide a mechanism to analyze the structure and
process of care and opportunities for improvement.

Peer review can also be incorporated into the analysis of critical incidents, sentinel events, and
trends in measured outcomes of care. Peer review has the distinct advantage of credibility and an
aura of fairness in a democratic system. Although personal bias in clinical care may be recognized,
adherence to the “reasonable man” principle provides a basis for analysis that reflects generally



accepted principles of care. It provides a basis for analysis of trends and incidents, suggesting
hypotheses for their causes and changes in the system that might improve the structure, process,
and outcome of care.

However, peer review is subject to bias that may not be recognized by the participants. This is a
tendency of anesthesiologists to judge care as less than appropriate if severe patient injury
occurs.?® In a study of anesthesiologists presented with identical case scenarios with differing
outcomes, they were more likely to judge the care as appropriate if the injury was temporary and
to judge care as less than appropriate if the injury was permanent. In conducting peer review for
a CQl system, this tendency toward assessments biased by case outcome should be recognized
and resisted. Careful attention to the process of care and opportunities for improvement should be
made regardless of the extent of patient injury. Critical incidents resulting in no injury should be
as carefully analyzed for opportunities for improvement in the structure and process of care as
incidents with adverse outcomes.
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Even though anesthesiologists may be biased in their assessment of case management by
outcome, they exhibit only moderate levels of general agreement in their assessments.?425 When
reviewing identical case histories, different anesthesiologists may not always agree on whether
the care was appropriate. Although this disagreement may be because of differences in
individually held standards and practices, it must be recognized in any analysis of case
management for a CQI program. Incorporation of multiple anesthesiologists into the process of
case review will compensate for this lack of agreement. Although a consensus may not be reached,
decisions will not be subject to the variability of individual judgments. Incorporation of multiple
peer reviewers will compensate for differences in assessments and strengthen the process by
improving reliability.?%

The Future of Quality Improvement: A Multidisciplinary Focus

JCAHO is moving toward a focus on the patient's hospital course in a multidisciplinary emphasis
rather than departmental quality improvement programs. The shift in emphasis is toward an
analysis of the entirety of each patient's care as the process to be improved. Each department's
role is just one part of this process, and the care provided by various departments is often not the
relevant unit of analysis. This shift in focus may require movement from departmental reliance on
standing committees to increased use of ad hoc study groups. Comparison of outcomes of care
across institutions, with adjustments for case mix, has long been the goal but has proven to be
difficult to implement.

MORTALITY AND MAJOR MORBIDITY RELATED TO ANESTHESIA

Estimates of anesthesia-related morbidity and mortality are difficult to quantify. Not only are
there difficulties obtaining data on complications, but different methodologies yield different
estimates of anesthesia risk. Studies differ in their definitions of complications, length of follow-
up, and especially in approaches to evaluation of the contribution of anesthesia care to patient
outcomes. A comprehensive review of anesthesia complications is beyond the scope of this
chapter. A sampling of studies of anesthesia mortality and morbidity will be presented to provide
historical perspective plus a limited overview of relatively recent findings.

Early studies estimated the anesthesia-related mortality rate as 1 per 1,560 anesthetics.?®

More recent studies using data from the 1990s estimate the anesthesia-related death rate in
the United States to be <1 per 10,000 anesthetics.?”:?2 Some examples of modern estimates of
anesthesia-related death from throughout the world are provided in Table 5-1. Differences in
estimates may be influenced by different reporting methods, definitions, anesthesia practices,
patient population, as well as actual differences in underlying complication rates.
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Nevertheless, it is generally accepted that anesthesia safety has improved over the past 50+
years.
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TABLE 5-1 Recent Estimates of Anesthesia-Related Death

*COUNTRY

USA

USA

Holland

Western
Australia

Australia

Japan

Japan

TIME
PERIOD

1989—
1999

(a)
1992—
1994
(b)
1995—
1999

1995—
1997

1990—
1995

1994—
1996

1999—
2002

1994—
1998

DATA
SOURCES/METHODS

Cardiac arrests within 24
hrs of surgery (n =
72,959 anesthetics) in a
teaching hospital

(a) suburban teaching
hospital (n = 115 deaths;
n = 37,924 anesthetics)
(b) urban teaching
hospital (n = 232 deaths;
n = 146,548 anesthetics)

All deaths within 24 hrs
or patients who remained
unintentionally comatose
24 hrs postanesthesia (n
= 811 in 869,483
anesthetics)—64 hospitals

Deaths within 48 hrs or
deaths in which
anesthesia was
considered a contributing
factor (n = 500 deaths)

Deaths reported to the
committee (n =
8,500,000 anesthetics)

Deaths as a result of life-
threatening events in the
operating room (n =
3,855,384 anesthetics) in
training hospitals

Questionnaires to training
hospitals (n = 2,363,038
anesthetics)

*RATE OF DEATH

Death related to
anesthesia-
attributable
perioperative
cardiac arrest =
0.55/10,000
anesthetics

Anesthesia-
related death =
(a) 0.79/10,000
anesthetics;
(b) 0.75/10,000
anesthetics

Anesthesia-
related death =
1.4/10,000
anesthetics

Anesthesia-
related death
1/40,000
anesthetics

Anesthesia-
related death
0.16/10,000
anesthetics

Death totally
attributable to
anesthetic
management =
0.1/10,000
anesthetics

Death totally
attributable to
anesthesia =




Biboulet et
al.4?

Morray et
al.43

France

USA

1989—

1995

1994—

1997

ASA 1-4 patients
undergoing anesthesia (n
= 101,769 anesthetics)—
cardiac arrest within 12
hrs postanesthesia (n =
24)

Pediatric patients from 63
hospitals (n = 1,089,200
anesthetics)

0.21/10,000
anesthetics

Anesthesia-
related death =
0.6/10,000
anesthetics

Anesthesia-
related death =
0.36/10,000

anesthetics

Other complications related to anesthesia that have received relatively recent attention include

postoperative nerve injury, awareness and recall, eye injuries and visual deficits, and dental

injury. Ulnar neuropathy is one of the most common nerve injuries leading to anesthesia

malpractice claims in the United States.® The incidence of ulnar neuropathy has been estimated
between 3.7 and 50 per 10,000 patients (Table 5-2). Lower extremity neuropathy following
surgery in the lithotomy position was observed in 2.7/10,000 patients (Table 5-2). ?° Awareness

with recall after general anesthesia has been estimated to occur in 15 to 40 per 10,000

patients.30,31,32

TABLE 5-2 Rates of Selected Anesthesia Complications

*COMPLICATION -REFERENCE -COUNTRY "TIME SPECIFIC *RESULTS
PERIOD COMPLICATION
Nerve injury Warner et USA 1995 Ulnar 0.5%
al.44 neuropathy in
adults
following
noncardiac
surgery
Warner et USA 1957— Persistent 1/2,729
al.45 1991 ulnar patients
neuropathy
following

diagnostic or
noncardiac
procedures
with
anesthesia




Awareness and
recall

Eye injuries
and visual
changes

Alvine et
al.46

Warner et
al.29

Sandin et
al.so

Lui et al.3?

Ranta et
al.s?

Warner et
al.34

Warner et
al.35

Roth et
al.ss

USA

USA

Sweden

Great

Britain

Finland

USA

USA

USA

1980—
1981

1957—
1991

1997—
1998

1990

1994—
1995

1999

1986—
1998

1988—
1992

Ulnar
neuropathy
after general
anesthesia

Lower
extremity
motor
neuropathy
following
surgery in
lithotomy
position

Awareness and
recall
associated
with general
anesthesia

Awareness
with recall in
adults
following
surgery

Awareness in
patients >12
yrs old having
general
anesthesia

New onset
blurred vision
lasting =3
days

New onset
visual loss or
visual changes
lasting =30
days after
noncardiac
surgery

Eye injury
after

0.26%

1/3,608
procedures

18/11,785
procedures

0.2%

0.4%

4.2%

1/125,234
patients

0.056%




nonocular

surgery
Dental injury Warner et USA 1987— Dental injuries 1/4,537
al.sé 1997 within 7 days patients

of anesthesia
that required
intervention

Eye injuries are a risk of anesthesia, including corneal abrasions as well as more rare
complications such as blindness from ischemic optic neuropathy or central retinal artery occlusion
(Table 5-2). Eye injury after nonocular surgery was observed in 5.6/10,000 patients.33 New onset
blurred vision has been observed in 4.2% of patients (Table 5-2). 34 New onset visual loss or
changes lasting more than 30 days after noncardiac surgery were observed in 1/125,234
patients.3

Damage to teeth or dentures is perhaps the most common injury leading to anesthesia malpractice
claims. Dental injury complaints are usually resolved by a hospital risk management department.
Dental injuries requiring intervention were observed in 1/4537 patients.36

Unlike studies of anesthesia mortality, most studies of nonfatal complications do not attempt to
assess the relationship between the complication and anesthesia care. Many of these
complications are known risks of anesthesia. Such risks vary according to the specific surgical and
anesthesia plan as well as the patient's physical characteristics. Risk management and quality
improvement programs generally focus on local experience with postoperative complications in
targeting emphasis areas for improvement.
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Chapter 6

Cellular and Molecular Mechanisms of Anesthesia

Alex S. Evers

C. Michael Crowder

KEY POINTS

o Despite the importance of general anesthetics, the molecular mechanisms
responsible for anesthetic actions remain one of the unsolved mysteries of
pharmacology.

o The spinal cord is probably the site at which anesthetics act to inhibit
purposeful responses to noxious stimulation (end point for measurements of
equal potency, MAC).

o Inhalational anesthetics can depress the excitability of thalamic neurons,
potentially resulting in the loss of consciousness.

o Synaptic function is considered a likely subcellular site of general anesthetic
action. Nevertheless, the effects of anesthetics on synaptic function differ
among various anesthetic agents, neurotransmitters, and neuronal preparations.

o Ion channels (especially GABA, receptors) are a likely molecular targets of
anesthetic action.

o Direct anesthetic-protein-binding interactions may be responsible for anesthetic
effects on ion channels in the central nervous system (CNS) (stereoselectivity is
the strongest argument in favor of this mechanism).

o Genetic techniques provide the most reliable and versatile methods for changing
the structure of putative anesthetic targets.

0 The unitary theory of anesthesia is incorrect and there are several molecular
mechanisms (anesthetics act via selective effects on specific molecular targets).

o The introduction of general anesthetics into clinical practice 150 years ago stands as one of
the seminal innovations of medicine. This single discovery facilitated the development of
modern surgery and spawned the specialty of anesthesiology. Despite the importance of general



anesthetics and despite over 100 years of active research, the molecular mechanisms responsible
for anesthetic action remain one of the unsolved mysteries of pharmacology.

Why have mechanisms of anesthesia been so difficult to elucidate? Anesthetics, as a class of
drugs, are challenging to study for three major reasons:

1. Anesthesia, by definition, is a change in the responses of an intact animal to external
stimuli. Making a definitive link between anesthetic effects observed in vitro and the
anesthetic state observed and defined in vivo has proven difficult.

P.112
2. No structure-activity relationships are apparent among anesthetics; a wide variety of
structurally unrelated compounds, ranging from steroids to elemental xenon, are capable of
producing clinical anesthesia. This suggests that there are multiple molecular mechanisms
that can produce clinical anesthesia.

3. Anesthetics work at very high concentrations in comparison to drugs, neurotransmitters, and
hormones that act at specific receptors. This implies that if anesthetics do act by binding to
specific receptor sites, they must bind with very low affinity and probably stay bound to the
receptor for very short periods of time. Low-affinity binding is much more difficult to
observe and characterize than high-affinity binding.

Despite these difficulties, molecular and genetic tools are now available that should allow for
major insights into anesthetic mechanisms in the next decade. The aim of this chapter is to
provide a conceptual framework for the reader to catalog current knowledge and integrate future
developments about mechanisms of anesthesia. Five specific questions will be addressed in this
chapter:

1. What is anesthesia and how do we measure it?
2. What is the anatomic site of anesthetic action in the central nervous system?

3. What are the cellular neurophysiologic mechanisms of anesthesia (e.g., effects on synaptic
function versus effects on action potential generation) and what anesthetic effects on ion
channels and other neuronal proteins underlie these mechanisms?

4. What are the molecular targets of anesthetics?

5. How are the molecular and cellular effects of anesthetics linked to the behavioral effects of
anesthetics observed in vivo?

WHAT IS ANESTHESIA?

General anesthesia can broadly be defined as a drug-induced reversible depression of the central
nervous system resulting in the loss of response to and perception of all external stimuli.
Unfortunately, such a broad definition is inadequate for two reasons. First, the definition is not
actually broad enough. Anesthesia is not simply a deafferented state; amnesia and
unconsciousness are important aspects of the anesthetic state. Second, the definition is too broad,
as all general anesthetics do not produce equal depression of all sensory modalities. For example,
barbiturates are considered to be anesthetics, but they are not particularly effective analgesics.
These conflicting problems with definition can be bypassed by a more practical description of the
anesthetic state as a collection of "component” changes in behavior or perception. The
components of the anesthetic state include unconsciousness, amnesia, analgesia, immobility, and
attenuation of autonomic responses to noxious stimulation.

Regardless of which definition of anesthesia is used, essential to anesthesia are drug-induced
changes in behavior or perception. As such, anesthesia can only be defined and measured in the



intact organism. Changes in behavior such as unconsciousness or amnesia can be intuitively
understood in higher organisms such as mammals, but become increasingly difficult to define as
one descends the phylogenetic tree. Thus, while anesthetics have effects on organisms ranging
from worms?! to man, it is difficult to map with certainty the effects of anesthetics observed in
lower organisms to any of our behavioral definitions of anesthesia. This contributes to the
difficulty of using simple organisms as models in which to study the molecular mechanisms of
anesthesia. Similarly, any cellular or molecular effects of anesthetics observed in higher
organisms can be extremely difficult to link with the constellation of behaviors that constitute the
anesthetic state. The absence of a simple and concise definition of anesthesia is clearly one of the
stumbling blocks to elucidating the mechanisms of anesthesia at a molecular and cellular level.

HOW 1S ANESTHESIA MEASURED?

To study the pharmacology of anesthetic action, quantitative measurements of anesthetic potency
are absolutely essential. To this end, Eger and colleagues have defined the concept of MAC, or
minimum alveolar concentration. MAC is defined as the alveolar partial pressure of a gas at which
50% of humans do not respond to a surgical incision.? In animals, MAC is defined as the alveolar
partial pressure of a gas at which 50% of animals do not respond to a noxious stimulus, such as
tail clamp,3 or at which they lose their righting reflex. The use of MAC as a measure of anesthetic
potency has two major advantages. First, it is an extremely reproducible measurement that is
remarkably constant over a wide range of species.? Second, the use of end-tidal gas concentration
provides an index of the “free” concentration of drug required to produce anesthesia since the
end-tidal gas concentration is in equilibrium with the free concentration in plasma. The MAC
concept has several important limitations, particularly when trying to relate MAC values to
anesthetic potency observed in vitro. First, the end point in a MAC determination is quantal: a
subject is either anesthetized or unanesthetized; it cannot be partially anesthetized. Furthermore,
MAC represents the average response of a whole population of subjects rather than the response
of a single subject. The quantal nature of the MAC measurement makes it very difficult to compare
MAC measurements to concentration-response curves obtained in vitro, where the graded response
of a single preparation is measured as a function of anesthetic concentration. The second
limitation of MAC measurements is that they can only be directly applied to anesthetic gases.
Parenteral anesthetics (barbiturates, neurosteroids, propofol) cannot be assigned a MAC value,
making it difficult to compare the potency of parenteral and volatile anesthetics. A MAC equivalent
for parenteral anesthetics is the free concentration of the drug in plasma required to prevent
response to a noxious stimulus in 50% of subjects; this value has been estimated for several
parenteral anesthetics.* A third limitation of MAC is that it is highly dependent on the anesthetic
end point used to define it. For example, if loss of response to a verbal command is used as an
anesthetic end point, the MAC values obtained (MAC ) will be much lower than classic MAC
values based on response to a noxious stimulus. Indeed, each behavioral component of the
anesthetic state will likely have a different MAC value. Despite its limitations, MAC remains the
most robust measurement and the standard for determining the potency of volatile anesthetics.

awake

The foregoing discussion of MAC brings forth an important and somewhat controversial question.
What drug concentration should be measured when determining anesthetic potency? When
measuring potency of intravenous anesthetics, the answer to this question is relatively simple.
One would like to relate the free concentration of the drug at its site of action (the biophase) to
the drug's effect. It is, of course, not practical to measure the drug's concentration in the
extracellular fluid of the brain, so free concentration in plasma is used as an approximation of the
biophase concentration. This allows one to compare the concentration of drug required to produce
anesthesia in humans to the concentrations required to produce specific effects in vitro. With the
volatile anesthetics, potency is defined by MAC, which is measured in units of
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partial pressure. Because the partial pressure of a dissolved gas is directly proportional to the free
concentration of that gas in a liquid, alveolar partial pressures are accurate reporters of the free
anesthetic concentrations in plasma and in brain tissue.



WHERE IN THE CENTRAL NERVOUS SYSTEM DO ANESTHETICS
WORK?

In principle, general anesthesia could result from interruption of nervous system activity at myriad
levels. Plausible targets include peripheral sensory receptors, spinal cord, brainstem, and cerebral
cortex. Of these potential sites, only peripheral sensory receptors can be eliminated as an
important site of anesthetic action. Animal studies have shown that fluorinated volatile anesthetics
have no effect on cutaneous mechanosensors in cats® and can even sensitize nociceptors in
monkeys.® Furthermore, selective perfusion studies in dogs have shown that MAC for isoflurane is
unaffected by the presence or absence of isoflurane at the site of noxious stimulation, provided
that the central nervous system is perfused with blood containing isoflurane.”

Spinal Cord

Clearly, anesthetic actions on the spinal cord cannot produce either amnesia or

unconsciousness. However, several lines of evidence indicate that the spinal cord is probably
the site at which anesthetics act to inhibit purposeful responses to noxious stimulation. This is, of
course, the end point used in most measurements of anesthetic potency. Rampil and colleagues
have shown that MAC values for fluorinated volatile anesthetics are unaffected in the rat by either
decerebration® or cervical spinal cord transection.® Antognini and colleagues have used the
strategy of isolating the cerebral circulation of goats to explore the contribution of brain and
spinal cord to the determination of MAC. They found that when isoflurane is administered only to
the brain, MAC is 2.9%, whereas when it is administered to the entire body, MAC is 1.2%.19
Surprisingly, when isoflurane was preferentially administered to the body and not to the brain,
isoflurane MAC was reduced to 0.8%.!'! The actions of volatile anesthetics in the spinal cord are
mediated, at least in part, by direct effects on the excitability of spinal motor neurons. This
conclusion has been substantiated by experiments in rats,!? goats,!3 and humans,!* showing that
volatile anesthetics depress the amplitude of the F wave in evoked potential measurements (F-
wave amplitude correlates with motor neuron excitability). These provocative results suggest not
only that anesthetic actions at the spinal cord underlie the determination of MAC, but also that
anesthetic actions on the brain may actually sensitize the cord to noxious stimuli. The plausibility
of the spinal cord as a locus for anesthetic immobilization is also supported by several

electrophysiological studies showing inhibition of excitatory synaptic transmission in the spinal
COFd.15’16’17’18

Reticular Activating System

The reticular activating system, a diffuse collection of brainstem neurons involved in arousal
behavior, has long been speculated to be a site of general anesthetic action on consciousness.
Evidence to support this notion came from early whole animal experiments showing that electrical
stimulation of the reticular activating system could induce arousal behavior in anesthetized
animals.'® A role for the brainstem in anesthetic action is also supported by studies examining
somatosensory evoked potentials. Generally, these studies show that anesthetics produce
increased latency and decreased amplitude of cortical potentials, indicating that anesthetics
inhibit information transfer through the brainstem.?° In contrast, studies using brainstem auditory
evoked potentials have shown variable effects ranging from depression to enhancement of
information transfer through the reticular formation.2.22:23 While there is evidence that the
reticular formation of the brainstem is a locus for anesthetic effects, it cannot be the only
anatomic site of anesthetic action for two reasons. First, as discussed earlier, the brainstem is not
even required for anesthetics to inhibit responsiveness to noxious stimuli. Second, the reticular
formation can be largely ablated without eliminating awareness.?*

Within the reticular formation is a set of pontine noradrenergic neurons called the locus coeruleus
(LC). The LC innervates a number of targets in basal forebrain and cortex including a set of
GABAergic hypothalamic neurons called the ventrolateral preoptic nucleus (VLPO). The VLPO in
turn innervates the tuberomammillary nucleus (TMN). The LC-VLPO-TMN pathway has been shown
to be critical for non-REM sleep. Given that EEG patterns under anesthesia and non-REM sleep are



quite similar, this pathway is a particularly good candidate for a site of anesthetic action. Using
stereotactic techniques, Maze and colleagues tested this hypothesis by measuring whether
application of a GABAergic antagonist directly onto the TMN altered the efficacy of anesthetics.?>
Indeed, discrete application of the GABAergic antagonist gabazine onto the TMN markedly reduced
the duration of sedation produced by systemically administered propofol or pentobarbital. This
effect is unlikely to be a consequence of a nonspecific increase in arousal state because
systemically administered gabazine did not antagonize the potency of ketamine whereas it did
antagonize propofol and pentobarbital in a manner similar to application directly onto the TMN.
This result strongly implicates the TMN as a site for the sedative action of GABAergic anesthetics
like propofol and barbiturates.

Cerebral Cortex

o The cerebral cortex is the major site for integration, storage, and retrieval of information. As

such, it is a likely site at which anesthetics might interfere with complex functions like
memory and awareness. Anesthetics clearly alter cortical electrical activity, as evidenced by the
changes in surface EEG patterns recorded during anesthesia. Anesthetic effects on patterns of
cortical electrical activity vary widely among anesthetics,2% providing an initial suggestion that all
anesthetics are not likely to act through identical mechanisms. More detailed in vitro
electrophysiological studies examining anesthetic effects on different cortical regions support the
notion that anesthetics can differentially alter neuronal function in various cortical preparations.
For example, volatile anesthetics have been shown to inhibit excitatory transmission at some
synapses in the olfactory cortex?? but not at others.?® Similarly, whereas volatile anesthetics
inhibit excitatory transmission in the dentate gyrus of the hippocampus,?® these same drugs can
actually enhance excitatory transmission at other synapses in the hippocampus.3? Anesthetics also
produce a variety of effects on inhibitory transmission in the cortex. A variety of parenteral and
inhalational anesthetics have been shown to enhance inhibitory transmission in olfactory cortex?®
and in the hippocampus.3! Conversely, volatile anesthetics have also been reported to depress
inhibitory transmission in hippocampus.32 One area of the brain that has been postulated as a
potential site of anesthetic action is the thalamus. The thalamus is

important in relaying sensory modalities and motor information to the cortex via thalamocortical
pathways. A developing body of evidence indicates that inhalational anesthetics can depress the
excitability of thalamic neurons, thus blocking thalamocortical communication potentially resulting
in loss of consciousness.33

Summary

Anesthetics are able to produce effects on a variety of anatomic structures in the CNS, including
spinal cord, brainstem, and cerebral cortex. Whereas certain anesthetic effects may be
attributable to specific anatomic locations (e.g., purposeful response to noxious stimulation maps
to the spinal cord), existing evidence provides no basis for a single anatomic site responsible for
anesthesia. This difficulty in identifying a site for anesthesia might plausibly result from the
various components of the anesthetic state being produced by anesthetic effects on different
regions of the CNS. Nevertheless, despite the difficulty in identifying a common anatomic site for
anesthesia, investigators have continued to look for other unifying principles in anesthetic action.
Specifically, attention has been focused on identifying common cellular or molecular anesthetic
targets that may have a wide anatomic distribution, explaining the ability of anesthetic to affect
nervous system function in an anatomically diffuse manner.

HOW DO ANESTHETICS INTERFERE WITH THE
ELECTROPHYSIOLOGIC FUNCTION OF THE NERVOUS SYSTEM?

In the simplest terms anesthetics inhibit or “turn off” vital central nervous system functions. They
must do this by acting at specific physiologic “switches.” A great deal of investigative effort has
been devoted to identifying these switches. In principle, the CNS could be switched off by several
means:
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1. By depressing those neurons or pattern generators that subserve a pacemaker function in
the CNS,

2. By reducing overall neuronal excitability; either by changing resting membrane potential or
by interfering with the processes involved in generating an action potential,

3. By reducing communication between neurons—specifically, by either inhibiting excitatory
synaptic transmission or enhancing inhibitory synaptic transmission.

Pattern Generators

Information concerning the effects of anesthetics on pattern-generating neuronal circuits in the
CNS is limited, but clinical concentrations of anesthetics are likely to have significant effects on
these circuits. The simplest evidence for this is the observation that most anesthetics exert
profound effects on respiratory rate and rhythm, strongly suggesting an effect on respiratory
pattern generators in the brainstem. Invertebrate studies suggest that volatile anesthetics can
selectively inhibit the spontaneous (pacemaker) firing of specific neurons. As shown in Fig. 6-1,
halothane (1.0 MAC) completely inhibits spontaneous action potential generation by one neuron in
the right parietal ganglion of the great pond snail while producing no observable effect on the
firing frequency of adjacent neurons.34
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FIGURE 6-1. Selectivity of volatile anesthetic inhibition of neuronal automaticity. Halothane
(1 MAC) reversibly inhibits the spontaneous firing activity of a neuron from the parietal
ganglion of Lymnaea stagnalis (A). The same concentration of halothane has no effect on the




firing activity of an adjacent, and apparently identical, neuron (B). Note that in (A)
halothane markedly reduces resting membrane potential in addition to inhibiting firing. (From
Franks NP, Lieb WR. Mechanisms of general anesthesia. Environ Health Perspect.
1990;87:204.)

Neuronal Excitability
The ability of a neuron to generate an action potential is determined by three parameters: resting
membrane potential, the threshold potential for action potential generation, and the function of
voltage-gated sodium channels. Anesthetics can hyperpolarize (create a more negative resting
membrane potential) both spinal motor neurons and cortical neurons,35:3% and this ability to
hyperpolarize neurons correlates with anesthetic potency. In general, the increase in resting
membrane potential produced by anesthetics is small in magnitude and is unlikely to have an
effect on axonal propagation of an action potential. Small changes in resting potential may,
however, inhibit the initiation of an action potential either at a postsynaptic site or in a
spontaneously firing neuron. Indeed, hyperpolarization is responsible for the inhibition of
spontaneous action potential generation shown in Fig. 6-1. Recent evidence also indicates that
isoflurane hyperpolarizes thalamic neurons, leading to an inhibition of tonic firing of action
potentials.33 There is no evidence indicating that anesthetics alter the threshold potential of a
neuron for action potential generation.
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However, the data is conflicting on whether the size of the action potential, once initiated, is
diminished by general anesthetics. A classic paper by Larrabee and Posternak demonstrated that
concentrations of ether and chloroform that completely block synaptic transmission in mammalian
sympathetic ganglia have no effect on presynaptic action potential amplitude.3” Similar results
have been obtained with fluorinated volatile anesthetics in several mammalian brain
preparations.27:2° This dogma that the action potential is relatively resistant to general anesthetics
has been challenged by more recent reports that volatile anesthetics at clinical concentrations
produce a small but significant reduction in the size of the action potential in mammalian
neurons.3%3° In one case, the reduction in the action potential was shown to be amplified at the
presynaptic terminal resulting in a large reduction in neurotransmitter release.3® Thus, while
current data still support the prevailing view that neuronal excitability is only slightly affected by
general anesthetics, this small effect may nevertheless contribute significantly to the clinical
actions of volatile anesthetics.

Synaptic Function

Synaptic function is widely considered to be the most likely subcellular site of general

anesthetic action. Neurotransmission across both excitatory and inhibitory synapses has been
found to be markedly altered by general anesthetics. General anesthetics have been shown to
inhibit excitatory synaptic transmission in a variety of preparations, including sympathetic
ganglia,3” olfactory cortex,?” hippocampus,?® and spinal cord.!” However, not all excitatory
synapses appear to be equally sensitive to anesthetics; indeed, transmission across some
hippocampal excitatory synapses has been shown to be enhanced by inhalational anesthetics.3? In
a similar fashion, general anesthetics have been shown both to enhance and depress inhibitory
synaptic transmission in various preparations. In a classic paper in 1975, Nicoll and colleagues
showed that barbiturates enhanced inhibitory synaptic transmission by prolonging the decay of the
GABAergic inhibitory postsynaptic current.*® Enhancement of inhibitory transmission has also been
observed with many other general anesthetics, including etomidate,*! propofol,4? inhalational
anesthetics,?® and neurosteroids.*3 Although anesthetic enhancement of inhibitory currents has
received a great deal of attention as a potential mechanism of anesthesia,* it is important to note
that there is also a large body of experimentation showing that clinical concentrations of general
anesthetics can depress inhibitory postsynaptic potentials in the hippocampus32:44:45 and in the



spinal cord.'® Anesthetics do appear to have preferential effects on synapses, but there is a great
deal of heterogeneity in the manner in which anesthetic agents affect different synapses. This is
not surprising given the large variation in synaptic structure, function (i.e., efficacy), and
chemistry (neurotransmitters, modulators) extant in the nervous system.

Presynaptic Effects

General anesthetics affect synaptic transmission both pre- and postsynaptically. However, the
magnitude and even the type of effect vary according to the type of synapse and the particular
anesthetic. Presynaptically, neurotransmitter release from glutamatergic synapses has consistently
been found to be inhibited by clinical concentrations of volatile anesthetics. For example, a study
by Perouansky and colleagues conducted in mouse hippocampal slices showed that halothane
inhibited excitatory postsynaptic potentials elicited by presynaptic electrical stimulation, but not
those elicited by direct application of glutamate. This indicates that halothane must be acting to
prevent the release of glutamate, the major excitatory neurotransmitter in the brain.4® Maclver
and colleagues extended these observations by providing evidence that the inhibition of glutamate
release from hippocampal neurons is not due to effects at GABAergic synapses that could
indirectly decrease transmitter release from glutamatergic neurons. Effects of intravenous
anesthetics on glutamate release have also been demonstrated but the evidence is more limited
and the effects potentially indirect.47:48 The data for anesthetic effects on inhibitory
neurotransmitter release is mixed. Inhibition,*® stimulation,®%5! and no effect®? have been
reported for volatile anesthetic and intravenous anesthetic action on GABA release. In a brain
synaptosomal preparation where effects on both GABA and glutamate release could be studied
simultaneously, Hemmings and coworkers found that glutamate and, to a lesser degree, GABA
release were inhibited by clinical concentrations of isoflurane.>3 The mechanism underlying
anesthetic effects on transmitter release have not been established. The effects of anesthetics on
neurotransmitter release do not appear to be mediated by reduced neurotransmitter synthesis or
storage, but rather by a direct effect on the process of neurosecretion. A variety of evidence
argues that at some synapses the majority of the anesthetic effect is upstream of the transmitter
release machinery, perhaps on presynaptic sodium channels (see discussion later). However,
genetic data in C. elegans shows that the transmitter release machinery strongly influences
volatile anesthetic sensitivity;>4°> at present, it is unclear whether these findings represent
species differences or different aspects of the same mechanism.

Postsynaptic Effects

Anesthetics also alter the postsynaptic response to released neurotransmitter. The effects of
general anesthetics on excitatory neurotransmitter receptor function vary depending on
neurotransmitter type, anesthetic agent, and preparation. Richards and Smaje examined the
effects of several anesthetic agents on the response of olfactory cortical neurons to application of
glutamate, the major excitatory neurotransmitter in the CNS.%% They found that while
pentobarbital, diethyl ether, methoxyflurane, and alphaxalone depressed the electrical response to
glutamate, halothane was without effect. In contrast, when acetylcholine was applied to the same
olfactory cortical preparation, halothane and methoxyflurane stimulated the electrical response
whereas pentobarbital had no effect; only alphaxalone depressed the electrical response to
acetylcholine.*” The effects of anesthetics on neuronal responses to inhibitory neurotransmitters
are more consistent. A wide variety of anesthetics, including barbiturates, etomidate,
neurosteroids, propofol, and the fluorinated volatile anesthetics, have been shown to enhance the
electrical response to exogenously applied GABA (for a review, see >8). For example, Fig. 6-2
illustrates the ability of enflurane to increase both the amplitude and the duration of the current
elicited by application of GABA to hippocampal neurons.>?




Cantrol
A P _ - "

1992:449:289.)

\'\ Wash 200 pA
\\ 500 ms
058 mm-enflurane
B C
[+]
Enflurane 300 1 W
[or=—assss a1
z =200 - L
0.58 ma F oY
£ % 2004% ~
H v J g 200 l% A
= i 0-58 mm
= 4001 * r - 4 .
' 100 4
Enflurane
=600 T e
. . : : 5 o - - 1
] 10 20 30 40 [i] 10 20 30
Tirme {minl Tirmse {min)

FIGURE 6-2. Enflurane potentiates the ability of GABA to activate a chloride current in
cultured rat hippocampal cells. This potentiation is rapidly reversed by removal of enflurane
(wash) (Panel A). Enflurane increases both the amplitude of the current (Panel B) and the
time (7,,,) it takes for the current to decay (Panel C). (Reproduced with permission from
Jones MV, Brooks PA, Harrison L. Enhancement of y-aminobutyric acid-activated Cl- currents
in cultured rat hippocampal neurones by three volatile anaesthetics. J Physiol.

Summary

Attempts to identify a physiologic “switch” at which anesthetics act have suffered from their own
success. Anesthetics produce a variety of effects on many physiologic processes that might
logically contribute to the anesthetic state, including neuronal automaticity, neuronal excitability,
and synaptic function. The synapse is generally thought to be the most likely relevant site of
anesthetic action. Existing evidence indicates that even at this one site, anesthetics produce
various effects, including presynaptic inhibition of neurotransmitter release, inhibition of

excitatory neurotransmitter effect, and

enhancement of inhibitory neurotransmitter effect. Furthermore, the effects of anesthetics on
synaptic function differ among various anesthetic agents, neurotransmitters, and neuronal

preparations.

ANESTHETIC ACTIONS ON ION CHANNELS

o Ion channels are one likely target of anesthetic action. The advent of patch clamp techniques

in the early 1980s made it possible to directly measure the currents from single ion channel
proteins. It was attractive to think that anesthetic effects on a small nhumber of ion channels might
help to explain the complex physiologic effects of anesthetics that we have already described.
Accordingly, during the 1980s and 1990s a major effort was directed at describing the effects of
anesthetics on the various kinds of ion channels. The following section summarizes and distills this
effort. For the purposes of this discussion, ion channels are cataloged according to the stimuli to
which they respond by opening or closing (i.e., their mechanism of gating).
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Anesthetic Effects on Voltage-Dependent lon Channels

A variety of ion channels can sense a change in membrane potential and respond by either
opening or closing their pore. These channels include voltage-dependent sodium, potassium, and
calcium channels, all of which share significant structural homologies. Voltage-dependent sodium
and potassium channels are largely involved in generating and shaping action potentials. The
effects of anesthetics on these channels have been extensively studied by Haydon and colleagues
in the squid giant axon.®%6! These studies show that these invertebrate sodium channels and
potassium channels are remarkably insensitive to volatile anesthetics. For example, 50% inhibition
of the peak sodium channel current required halothane concentrations 8 times those required to
produce anesthesia. The delayed rectifier potassium channel was even less sensitive, requiring
halothane concentrations more than 20 times those required to produce anesthesia. Similar results
have been obtained in a mammalian cell line (GH; pituitary cells) where both sodium and
potassium currents were inhibited by halothane only at concentrations greater than 5 times those
required to produce anesthesia.®2 However, a number of studies with volatile anesthetics have
challenged the notion that voltage-dependent sodium channels are insensitive to anesthetics.
Rehberg and colleagues expressed rat brain IIA sodium channels in a mammalian cell line and
showed that clinically relevant concentrations of a variety of inhalational anesthetics suppressed
voltage-elicited sodium currents.®3 Hemmings and coworkers showed that sodium flux mediated by
rat brain sodium channels was significantly inhibited by clinical concentrations of halothane.®*
Harris and colleagues documented the effects of isoflurane on a variety of sodium channel
subtypes and found that several but not all subtypes are sensitive to clinical concentrations.®>
Finally as described above, in a rat brainstem neuron Wu and colleagues found that a small
inhibition of sodium currents by isoflurane resulted in a large inhibition of synaptic activity.3°
Thus, sodium channel activity not only appears to be inhibited by volatile anesthetics, but this
inhibition results in a significant reduction in synaptic function, at least at some mammalian
synapses. Intravenous anesthetics have also been shown to inhibit sodium channels, but the
concentrations for this effect are supraclinical.®6.67.68

Voltage-dependent calcium channels (VDCC) serve to couple electrical activity to specific cellular
functions. In the
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nervous system, VDCCs located at presynaptic terminals respond to action potentials by opening.
This allows calcium to enter the cell, activating calcium-dependent secretion of neurotransmitter
into the synaptic cleft. At least six types of calcium channels (designated L, N, P, Q, R, and T)
have been identified on the basis of electrophysiological properties and a larger number based on
amino acid sequence similarities.®® N-, P-, Q-, and R-type channels, as well as some of the
untitled channels, are preferentially expressed in the nervous system and are thought to play a
major role in synaptic transmission. L-type calcium channels, although expressed in the brain,
have been best studied in their role in excitation-contraction coupling in cardiac, skeletal, and
smooth muscle and are thought to be less important in synaptic transmission. The effects of
anesthetics on L- and T-type currents have been well characterized,®?:7%7! and there are some
reports concerning the effects of anesthetics on N- and P-type currents.’2:73.74 As a general rule,
these studies have shown that volatile anesthetics inhibit VDCCs (50% reduction in current) at
concentrations 2 to 5 times those required to produce anesthesia in humans, with less than a 20%
inhibition of calcium current at clinical concentrations of anesthetics (Fig. 6-3). However, some
studies have found VDCCs that are extremely sensitive to anesthetics. Takenoshita and Steinbach
reported a T-type calcium current in dorsal root ganglion neurons that was inhibited by
subanesthetic concentrations of halothane.’> Additionally, ffrench-Mullen and colleagues have
reported a VDCC of unspecified type in guinea pig hippocampus that is inhibited by pentobarbital
at concentrations identical to those required to produce anesthesia.”’® Thus, VDCCs could well
mediate some actions of general anesthetics, but their general insensitivity makes them unlikely
to be major targets.
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FIGURE 6-3. Halothane inhibition of voltage-dependent Ca?*, Na*, and K* currents. The CaZ?*
channels are L-type channels from GH; cells, and the Na* and K* channels are from the squid
giant axon. The closed circles show the concentrations of halothane required to anesthetize
humans. Note that the Ca?* currents are inhibited about 20% by clinical concentrations of
halothane whereas the Na* and K* currents are not inhibited at all. (Reproduced by
permission from Franks NP, Lieb WR. Molecular and cellular mechanisms of anesthesia.
Nature. 1994;367:607, Macmillan Magazines Ltd.)

Potassium channels are the most diverse of the ion channel types and include voltage-gated,
second messenger and ligand-activated, and so-called inward rectifying channels; some channels
fall into more than one category. High concentrations of both volatile anesthetics and intravenous
anesthetics are required to significantly affect the function of voltage-gated K* channels.%1.77.78
Similarly, classic inward rectifying K* channels are relatively insensitive to sevoflurane and
barbiturates.’°.80.81 However, some ligand-gated K* channels are reasonably sensitive to volatile
anesthetics as discussed below.

Summary

Existing evidence suggests that most VDCCs are modestly sensitive or insensitive to anesthetics,
but some reports argue for significant heterogeneity in the anesthetic sensitivity of specific
channel types and subtypes. In particular, some sodium channel subtypes are inhibited by volatile
anesthetics and this effect may be responsible in part for a reduction in neurotransmitter release
at some synapses. Additional experimental data will be required to establish whether anesthetic-
sensitive VDCCs are localized to specific synapses at which anesthetics have been shown to inhibit
neurotransmitter release.

Anesthetic Effects on Ligand-Gated lon Channels

Fast excitatory and inhibitory neurotransmission is mediated by the actions of ligand-gated ion
channels. Synaptically released glutamate or GABA diffuse across the synaptic cleft and bind to
channel proteins that open as a consequence of neurotransmitter release. The channel proteins
that bind GABA (GABA, receptors) are members of a superfamily of structurally related ligand-
gated ion channel proteins that include nicotinic acetylcholine receptors, glycine receptors, and 5-



HT, receptors.82 Based on the structure of the nicotinic acetylcholine receptor, each ligand-gated
channel is thought to be composed of five nonidentical subunits. The glutamate receptors also
comprise a family, each receptor thought to be a tetrameric protein composed of structurally
related subunits.®3 The ligand-gated ion channels provide a logical target for anesthetic action
because selective effects on these channels could inhibit fast excitatory synaptic transmission
and/or facilitate fast inhibitory synaptic transmission. The effects of anesthetic

agents on ligand-gated ion channels are thoroughly cataloged in a review by Krasowski and
Harrison.>8 The following section provides a brief summary of this large body of work.

Glutamate-Activated lon Channels

Glutamate-activated ion channels have been classified, based on selective agonists, into three
categories: AMPA receptors, kainate receptors, and NMDA receptors. Molecular biologic studies
indicate that a large number of structurally distinct glutamate receptor subunits can be used to
form each of the three categories of glutamate receptors.8* This structural heterogeneity is
reflected in functional heterogeneity within each category of glutamate receptor. AMPA and
kainate receptors are relatively nonselective monovalent cation channels involved in fast
excitatory synaptic transmission, whereas NMDA channels conduct not only Na* and K* but also
Cat** and are involved in long-term modulation of synaptic responses (long-term potentiation).
Studies from the early 1980s in mouse and rat brain preparations showed that AMPA- and kainate-
activated currents are insensitive to clinical concentrations of halothane,®> enflurane,®® and the
neurosteroid allopregnanolone.8” In contrast, kainate- and AMPA-activated currents were shown to
be sensitive to barbiturates; in rat hippocampal neurons, 50 yM pentobarbital (pentobarbital
produces anesthesia at approximately 50 yM) inhibited kainate and AMPA responses by 50%.87
More recent studies using cloned and expressed glutamate receptor subunits show that
submaximal agonist responses of GIuUR3 (AMPA-type) receptors are inhibited by fluorinated volatile
anesthetics whereas agonist responses of GIuR6 (kainate-type) receptors are enhanced.88 In
contrast both GIuR3 and GIuR6 receptors are inhibited by pentobarbital. The directionally opposite
effects of the volatile anesthetics on different glutamate receptor subtypes may explain the earlier
inconclusive effects observed in tissue, where multiple subunit types are expressed. These
opposite effects have also been used as a strategy to identify critical sites on the molecules
involved in anesthetic effect. By producing GIuR3/GIuR6 receptor chimeras (receptors made up of
various combinations of sections of the GIuR3 and GIuR6 receptors) and screening for volatile
anesthetic effect, specific areas of the protein required for volatile anesthetic potentiation of
GIuR6 have been identified. Subsequent site-directed mutagenesis studies have identified a
specific glycine residue (Gly-819) as critical for volatile anesthetic action on GluR6-containing
receptors.8?

NMDA-activated currents also appear to be sensitive to a subset of anesthetics.
Electrophysiological studies show virtually no effects of clinical concentrations of volatile
anesthetics,8°/8% neurosteroids, or barbiturates®” on NMDA-activated currents. It should be noted
that there is some evidence from flux studies that volatile anesthetics may inhibit NMDA-activated
channels. A study in rat brain microvesicles showed that anesthetic concentrations (0.2-0.3 mM)
of halothane and enflurane inhibited NMDA-activated calcium flux by 50%.°° In contrast, ketamine
is a potent and selective inhibitor of NMDA-activated currents. Ketamine stereoselectively inhibits
NMDA currents by binding to the phencyclidine site on the NMDA receptor protein.®'.°2,93 The
anesthetic effects of ketamine in intact animals show the same stereoselectivity as that is
observed in vitro,°* suggesting that the NMDA receptor may be the principal molecular target for
the anesthetic actions of ketamine. Two other recent findings suggest that NMDA receptors may be
an important target for nitrous oxide and xenon. These studies show that N,0°%:°¢ and xenon®’ are

potent and selective inhibitors of NMDA-activated currents. This is illustrated in Fig. 6-4, showing
that N,O inhibits NMDA-elicited, but not GABA-elicited, currents in hippocampal neurons.
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FIGURE 6-4. Nitrous oxide inhibits NMDA-elicited, but not GABA-elicited, currents in rat
hippocampal neurons. (Panel A) 80% N,O has no effect on holding current (upper trace),
but inhibits the current elicited by NMDA. (Panel B) N,O causes a rightward and downward
shift of the NMDA concentration-response curve, indicating a mixed
competitive/noncompetitive antagonism. (Panel C) 80% N,O has little effect on GABA-
elicited currents. In contrast, an equipotent anesthetic concentration of pentobarbital
markedly enhances the GABA-elicited current. (Reproduced with permission from Jevtovic-
Todorovic V, Todorovic SM, Mennerick S, et al. Nitrous oxide (laughing gas) is an NMDA
antagonist, neuroprotectant, and neurotoxin. Nature Medicine. 1998;4:460)

GABA-Activated lon Channels

GABA is the most important inhibitory neurotransmitter in the mammalian central nervous system.
GABA-activated ion channels (GABA, receptors) mediate the postsynaptic response to synaptically
released GABA by selectively allowing chloride ions to enter and thereby hyperpolarizing neurons.
GABA, receptors are multisubunit proteins consisting of various combinations of a, B, y, §, and €
subunits, and there are many subtypes of each of these subunits. The function of GABA, receptors
is modulated by a wide variety of pharmacological agents including convulsants, anticonvulsants,
sedatives, anxiolytics, and anesthetics.°® The effects of these various drugs on GABA, receptor
function varies across brain regions and cell types. The following section briefly reviews the
effects of anesthetics on GABA, receptor function.

Barbiturates, anesthetic steroids, benzodiazepines, propofol, etomidate, and the volatile
anesthetics all modulate GABA, receptor function.5%, 98.99,100,101 These drugs produce three kinds
of effects on the electrophysiological behavior of the GABA, receptor channels: potentiation, direct
gating, and inhibition. Potentiation refers to the ability of anesthetics to increase markedly the
current elicited by low concentrations of GABA, but to produce no increase in the current elicited
by a maximally effective concentration of GABA.85:102 potentiation is illustrated in Fig. 6-5,
showing the effects of halothane on currents elicited by a range of GABA concentrations in




dissociated cortical neurons. Anesthetic potentiation of GABA,

currents generally occurs at concentrations of anesthetics within the clinical range. Direct gating
refers to the ability of anesthetics to activate GABA, channels in the absence of GABA. Generally,
direct gating of GABA, currents occurs at anesthetic concentrations higher than those used
clinically, but the concentration-response curves for potentiation and for direct gating can overlap.
It is not known whether direct gating of GABA, channels is either required for or contributes to the
effects of anesthetics on GABA-mediated inhibitory synaptic transmission in vivo. In the case of
anesthetic steroids, strong evidence indicates that potentiation, rather than direct gating of GABA,
currents, is required for producing anesthesia.'®® Anesthetics can also inhibit GABA-activated

currents. Inhibition refers to the ability of anesthetics to prevent GABA from initiating current flow
through GABA, channels and has generally been observed at high concentrations of both GABA and
anesthetic.194.105 Inhibition of GABA, channels may help to explain why volatile anesthetics have,

in some cases, been observed to inhibit rather than facilitate inhibitory synaptic transmission.3?2
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FIGURE 6-5. The effects of halothane (Hal), enflurane (Enf), and fluorothyl (HFE) on GABA-
activated chloride currents in dissociated rat CNS neurons. (Panel A) Clinical concentrations
of halothane and enflurane potentiate the ability of GABA to elicit a chloride current. The
convulsant fluorothyl antagonizes the effects of GABA. (Panel B) GABA causes a
concentration-dependent activation of a chloride current. Halothane shifts the GABA
concentration-response curve to the left (increases the apparent affinity of the channel for
GABA) whereas fluorothyl shifts the curve to the right (decreases the apparent affinity of the
channel for GABA). (Reproduced with permission from Wakamori M, Ikemoto Y, Akaike N.
Effects of two volatile anesthetics and a volatile convulsant on the excitatory and inhibitory
amino acid responses in dissociated CNS neurons of the rat. J Neurophysiol. 1991;66:2014.)

Effects of anesthetics have also been observed on the function of single GABA, channels. These
studies show that barbiturates,®® propofol,1%! and volatile anesthetics'%® do not alter the
conductance (rate at which ions traverse the open channel) of the channel, but that they increase
the frequency with which the channel opens and/or the average length of time that the channel
remains open. Collectively, the whole cell and single channel data are most consistent with the
idea that clinical concentrations of anesthetics produce a change in the conformation of GABA,
receptors that increases the affinity of the receptor for GABA. This is consistent with the ability of
anesthetics to increase the duration of inhibitory postsynaptic potentials (IPSPs), because higher
affinity binding of GABA would slow the dissociation of GABA from postsynaptic GABA, channels. It
would not be expected that anesthetics would increase the peak amplitude of a GABAergic IPSP
because synaptically released GABA probably reaches very high concentrations in the synapse.
Higher concentrations of anesthetics can produce additional effects, either directly activating or
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inhibiting GABA, channels. Consistent with these ideas, a study by Banks and Pearce showed that

isoflurane and enflurane simultaneously increased the duration and decreased the amplitude of
GABAergic inhibitory postsynaptic currents in hippocampal slices.!0%”

Despite the similar effects of many anesthetics on GABA, receptor function, there is significant
evidence that the various anesthetics do not act by binding to a single common binding site on the
channel protein. First, even anesthetics that directly activate the channel probably do not bind to
the GABA binding site. This is most clearly demonstrated by molecular biologic studies in which
the GABA binding site is eliminated from the channel protein but pentobarbital can still activate
the channel.1%8 Direct radioligand binding studies have demonstrated that benzodiazepines bind to
the GABA, receptor at nanomolar concentrations and that other anesthetics can modulate binding
but do not bind directly to the benzodiazepine site.?8:199 A series of more complex studies
examining the interactions between barbiturates, anesthetic steroids, and benzodiazepines

indicates that these three classes of drugs cannot be acting at the same sites.®® The actions of
anesthetics on GABA, receptors are further complicated by the observation that steroid

anesthetics can produce different effects on GABA, receptors in different brain regions.'1% This
suggests the possibility that the specific subunit composition of a GABA, receptor may encode
pharmacological selectivity. This is well illustrated by benzodiazepine sensitivity, which requires
the presence of the y, subunit subtype.''! Similarly, sensitivity to etomidate has been shown to
require the presence of a B, or B, subunit.!'? More recently, it has been shown that the presence
of a & or € subunit in a GABA, receptor confers insensitivity to the potentiating effects of some
anesthetics.113.114

Interestingly, GABA, receptors composed of p-type subunits (referred to as GABA_ receptors) have
been shown to be inhibited rather than potentiated by volatile anesthetics.!'5> This property has
been exploited, using molecular biologic techniques, by constructing chimeric receptors composed
of part of the p receptor coupled to part of an a, B, or glycine receptor subunit. By screening
these chimeras for anesthetic sensitivity, regions of the a, 8, and glycine subunits responsible for
anesthetic sensitivity have been identified. Based on the results of these chimeric studies, site-
directed mutagenesis studies were performed to identify the specific amino acids
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responsible for conferring anesthetic sensitivity. These studies revealed two critical amino acids,
near the extracellular regions of transmembrane domains 2 and 3 (TM2, TM3) of the glycine and
GABA, receptors that are required for volatile anesthetic potentiation of agonist effect.116 It is not
yet clear if these amino acids represent a volatile anesthetic binding site, or whether they are
sites critical to transducing anesthetic-induced conformational changes in the receptor molecule.
Interestingly, one of the amino acids shown to be critical to volatile anesthetic effect (TM3 site)
has also been shown to be required (in the B,/B; subunit) for the potentiating effects of
etomidate.!'” In contrast, the TM2 and TM3 sites do not appear to be required for the actions of
propofol, barbiturates, or neurosteroids.!'® Interestingly, a distinct amino acid in the TM3 region
of the B, subunit of the GABA, receptor has been shown to selectively modulate the ability of
propofol to potentiate GABA agonist effects.'8 Collectively, these molecular biologic data provide
strong evidence that there are multiple unique binding sites for anesthetics on the GABA, receptor
protein.

Other Ligand-Activated lon Channels

Other members of the ligand-gated receptor superfamily include the nicotinic acetylcholine
receptors (muscle and neuronal types), glycine receptors, and 5-HT, receptors. A large body of
work has gone into examining the effects of anesthetics on nicotinic acetylcholine receptors. The
muscle type of nicotinic receptor has been shown to be inhibited by anesthetic concentrations in
the clinical range!!® and to be desensitized by higher concentrations of anesthetics.!?? The muscle
nicotinic receptor is an informative model to study because of its abundance and the wealth of
knowledge about its structure. It is, however, not expressed in the central nervous system and
hence not involved in the mechanism of anesthesia. However, a neuronal type of nicotinic
receptor, which is widely expressed in the nervous system, might plausibly be involved in
anesthetic mechanisms. Older studies looking at neuronal nicotinic receptors in molluscan



neurons!?! and in bovine chromaffin cells'?? indicate that these channels are inhibited by clinical
concentrations of volatile anesthetics. More recent studies using cloned and expressed neuronal

nicotinic receptor subunits have shown a high degree of subunit and anesthetic selectivity.
Acetylcholine-elicited currents are inhibited, in receptors composed of various combinations of a,,

a,, B,, and B, subunits, by subanesthetic concentrations of halothane!23 or isoflurane.24 In
contrast, these receptors are relatively insensitive to propofol. Most interestingly, receptors
composed of a, subunits are completely insensitive to both isoflurane and propofol.t24.125
Subsequent pharmacological experiments using selective inhibitors of neuronal nicotinic receptors
led to the conclusion that these receptors are unlikely to have a major role in immobilization by
volatile anesthetics.126:.127 However, they might play a role in the amnestic or hypnotic effects of
volatile anesthetics.!28

Glycine is an important inhibitory neurotransmitter, particularly in the spinal cord and brainstem.
The glycine receptor is a member of the ligand-activated channel superfamily that, like the GABA,
receptor, is a chloride-selective ion channel. A large number of studies have shown that clinical
concentrations of volatile anesthetics potentiate glycine-activated currents in intact neurons®> and
in cloned glycine receptors expressed in oocytes.'2°:130 The volatile anesthetics appear to produce
their potentiating effect by increasing the affinity of the receptor for glycine.!3° Propofol, 10!
alphaxalone, and pentobarbital also potentiate glycine-activated currents, whereas etomidate and
ketamine do not.!2° Potentiation of glycine receptor function may contribute to the anesthetic
action of volatile anesthetics and some parenteral anesthetics. 5-HT; receptors are also members
of the genetically related superfamily of ligand-gated receptor channels. Clinical concentrations of
volatile anesthetics potentiate currents activated by 5-hydroxytryptamine in intact cells!3! and in
cloned receptors expressed in oocytes.!32 In contrast, thiopental inhibits 5-HT, receptor
currents!3! and propofol is without effect on these receptor channels.?32 5-HT, receptors may play
some role in the anesthetic state produced by volatile anesthetics and may also contribute to
some unpleasant anesthetic side effects such as nausea and vomiting.

Summary

Several ligand-gated ion channels are modulated by clinical concentrations of anesthetics.
Ketamine, N,O, and xenon inhibit NMDA-type glutamate receptors, and this effect may play a
major role in their mechanism of action. A large body of evidence shows that clinical
concentrations of many anesthetics potentiate GABA-activated currents in the central nervous
system. This suggests that GABA, receptors are a probable molecular target of anesthetics. Other
members of the ligand-activated ion channel family, including glycine receptors, neuronal nicotinic
receptors, and 5-HT, receptors, are also affected by clinical concentrations of anesthetics and
remain plausible anesthetic targets.

Anesthetic Effects on Second Messenger—Activated lon
Channels

Ion channels can be activated by ligands present in the cytoplasm as well as by ligands present in
the extracellular space. The intracellular ligands that activate these channels are generally
chemical second messengers, including cyclic nucleotides, Ca?* or H* ions, inositol phosphates,
and ATP. The structure of second messenger-activated ion channels is not as well understood as
that of the voltage- or ligand-activated channels, and there is little information about anesthetic
effects on these channels.

A potassium-selective channel (referred to as IK(an)), found in snail neurons, that has many of the

properties of a second messenger-activated channel is activated by clinical concentrations of
volatile anesthetics.21.133.134 T . shares many biophysical properties with a second messenger-
activated potassium channel found in Aplysia neurons that is referred to as the S channel. Recent
work by Yost and colleagues has shown that the S channel is also activated by clinical
concentrations of volatile anesthetics.!3> The importance of volatile anesthetic activation of second
messenger—-activated potassium channels in invertebrates has now become apparent with the
discovery of a large family of so-called “background potassium channels” in mammals. These

mammalian potassium channels have a unique structure with two pore-forming domains in tandem



plus four transmembrane segments (2P/4TM; Fig. 6-6C).1*36 TOK1, a member of this family, was
first shown by Yost and colleagues to be activated by volatile anesthetics.!37 The laboratory of
Michel Lazdunski has studied the effects of a variety of volatile anesthetics on several members of
the 2P/4TM family. They found that TREK-1 channels were activated by clinical concentrations of
chloroform, diethyl ether, halothane, and isoflurane (Fig. 6-6B). In contrast, closely related TRAAK
channels were insensitive to all the volatile anesthetics, and TASK channels were activated by
halothane and isoflurane, inhibited by diethyl ether, and unaffected by chloroform. These authors
went on to show that the C-terminal regions of TASK and TREK-1 contained amino acids essential
for anesthetic actions
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on TASK and TREK-1 channels.*3® More recently, TREK-1 but not TASK was found to be activated
by clinical concentrations of the gaseous anesthetics—xenon, nitrous oxide, and cyclopropane.!3®
Thus, activation of background K* channels in mammalian vertebrates could be an important and
general mechanism through which inhalational anesthetics regulate neuronal resting membrane
potential and thereby excitability; this effect could plausibly be a significant contributor to some
components of the anesthetic state.
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FIGURE 6-6. Volatile anesthetics activate background K* channels. (Panel A) Halothane

reversibly hyperpolarizes a pacemaker neuron from Lymnaea stagnalis (the pond snail) by
activating I,,,. (Panel B) Halothane (300 yM) activates human recombinant TREK-1 channels
expressed in COS cells. The figure shows current-voltage relationships with reversal potential
(V... of -88 mV, indicative of a K* channel. (Panel C) Predicted structure of a typical
subunit of the mammalian background K* channels. Note the four transmembrane spanning
segments (in black) and the two pore-forming domains (P1 and P2). Some but not all of
these 2P/4TM K* channels are activated by volatile anesthetics. (Panel D) Phylogenetic tree
for the 2P/4TM family. (Reproduced with permission from Franks NP, Lieb WR. Background K*

channels: An important target for anesthetics? Nature Neurosci. 1999;2:395.)
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One type of second messenger-activated channel, the calcium-dependent potassium channels, has
been shown to be inhibited by clinical concentrations of anesthetics.!4? These large conductance
potassium channels open in response to increases in cytoplasmic Ca2* concentration and are
important in modulating the shape and frequency of action potentials in the central nervous
system. While a wide variety of anesthetics inhibit channel opening, this would tend to excite
neurons and is thus unlikely to be important in the depressant effects of anesthetics. Anesthetic
effects on these channels may contribute to the excitatory effects of low concentrations of



anesthetics and to the convulsant properties of some anesthetic agents. Several other potassium-
selective ion channels are also activated by second messengers, including ATP-activated channels
and channels activated by muscarinic acetylcholine receptors, but the effects of anesthetics on
these channels has not been delineated.

Summary

Second messenger—-activated ion channels are a plausible target for anesthetic action. Recent
evidence suggests that members of the 2P/4TM family of background potassium channels may be
important in producing some components of the anesthetic state.

WHAT 1S THE CHEMICAL NATURE OF ANESTHETIC TARGET
SITES?

The Meyer-Overton Rule

Almost 100 years ago, Meyer and Overton independently observed that the potency of gases as
anesthetics was strongly correlated with their solubility in olive oil (Fig. 6-7).141.142 This
observation has significantly influenced thinking about anesthetic mechanisms in two ways. First,
because a wide variety of structurally unrelated compounds obey the Meyer-Overton rule, it has
been reasoned that all anesthetics are likely to act at the same molecular site. This idea is
referred to as the Unitary Theory of Anesthesia. Second, it has been argued that since solubility in
a specific solvent strongly correlates with anesthetic potency, the solvent showing the strongest
correlation between anesthetic solubility and potency is likely to most closely mimic the chemical
and physical properties of the anesthetic target site in the CNS. Based on this reasoning, the
anesthetic target site was assumed to be hydrophobic in nature.
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FIGURE 6-7. The Meyer-Overton rule. There is a linear relationship (on a log-log scale)
between the oil/gas partition coefficient and the anesthetic potency (MAC) of a humber of
gases. The correlation between lipid solubility and MAC extends over a 70,000-fold difference
in anesthetic potency. (Reproduced with permission from Tanfiuji Y, Eger EI, Terrell RC.
Some characteristics of an exceptionally potent inhaled anesthetic: thiomethoxyflurane.




Anesth Analg. 1977;56:387.)

The Meyer-Overton correlation suffers from two limitations: (1) it only applies to gases and
volatile liquids because olive oil/gas partition coefficients cannot be determined for liquid
anesthetics; (2) olive oil is a poorly characterized mixture of oils. To circumvent these limitations,
attempts have been made to correlate anesthetic potency with water/solvent partition
P.122
coefficients. To date, the octanol/water partition coefficient best correlates with anesthetic
potency. This correlation holds for a variety of classes of anesthetics and spans a 10,000-fold
range of anesthetic potencies.'43 The properties of the solvent octanol suggest that the anesthetic
site is likely to be amphipathic, having both polar and nonpolar characteristics.

Exceptions to the Meyer-Overton Rule

Halogenated compounds exist that are structurally similar to the inhaled anesthetics yet are
convulsants rather than anesthetics.!#* There are also convulsant barbiturates!4> and
neurosteroids.'4® One convulsant compound, fluorothyl (hexafluorodiethylether), has been shown
to cause seizures in 50% of mice at 0.12 vol%, but to produce anesthesia at higher concentrations
(ECo, = 1.22 vol%).'%” The concentration of fluorothyl required to produce anesthesia is
approximately predicted by the Meyer-Overton rule. In contrast, several polyhalogenated alkanes
have been identified that are convulsants but that do not produce anesthesia. Based on the olive
oil/gas partition coefficients of these compounds, anesthesia should have been achieved within the
range of concentrations studied.'*® The end point used to determine the anesthetic effect of these
compounds was movement in response to a noxious stimulus (MAC). Interestingly, some of these
polyhalogenated compounds do produce amnesia in animals.'4® These compounds are thus referred
to as nonimmobilizers rather than as nonanesthetics. Several polyhalogenated alkanes have also
been identified that anesthetize mice, but only at concentrations 10 times those predicted by their
oil/gas partition coefficients;'48 these compounds are referred to as transitional compounds. The
nonimmobilizers and transitional compounds have been proposed as a “litmus test” for the
relevance of anesthetic effects observed in vitro to those observed in the whole animal.

In several homologous series of anesthetics, anesthetic potency increases with increasing chain
length until a certain critical chain length is reached. Beyond this critical chain length, compounds
are unable to produce anesthesia, even at the highest attainable concentrations. In the series of
n-alkanols, for example, anesthetic potency increases from methanol through dodecanol; all
longer alkanols are unable to produce anesthesia.'%® This phenomenon is referred to as the cutoff
effect. Cutoff effects have been described for several homologous series of anesthetics including
n-alkanes, n-alkanols, cycloalkanemethanols,!5! and perfluoroalkanes.'%2 While the anesthetic
potency in each of these homologous series of anesthetics shows a cutoff, a corresponding cutoff
in octanol/water or oil/gas partition coefficients has not been demonstrated. Therefore,
compounds above the cutoff represent a deviation from the Meyer-Overton rule.

A final deviation from the Meyer-Overton rule is the observation that enantiomers of anesthetics
differ in their potency as anesthetics. Enantiomers (mirror-image compounds) are a class of
stereoisomers that have identical physical properties, including identical solubility in solvents such
as octanol or olive oil. Animal studies with the enantiomers of barbiturate anesthetics,153.154
ketamine,®* neurosteroids,'?3 etomidate,!®> and isoflurane!®® all show enantioselective differences
in anesthetic potency. These differences in potency range in magnitude from a >10-fold difference
between the enantiomers of etomidate or the neurosteroids to a 60% difference between the
enantiomers of isoflurane. It is argued that a major difference in anesthetic potency between a
pair of enantiomers could only be explained by a protein binding site (see Protein Theories of
Anesthesia); this appears to be the case for etomidate and the neurosteroids. Enantiomeric pairs
of anesthetics have also been used to study anesthetic actions on ion channels. It is argued that if
an anesthetic effect on an ion channel contributes to the anesthetic state, the effect on the ion



channel should show the same enantioselectivity as is observed in whole animal anesthetic
potency. Early studies showed that the (+)-isomer of isoflurane is 1.5 to 2 times more potent than
the (-)-isomer in eliciting an anesthetic-activated potassium current, in potentiating GABA,
currents, and in inhibiting the current mediated by a neuronal nicotinic acetylcholine
receptor.105:121 Tn contrast, the stereoisomers of isoflurane are equipotent in their effects on a
voltage-activated potassium current and in their effects on lipid phase-transition temperature.!2?
Studies with the neurosteroids'®3 and etomidate!>> show that these anesthetics exert
enantioselective effects on GABA, currents that parallel the enantioselective effects observed for
anesthetic potency.

The exceptions to the Meyer-Overton rule do not obviate the importance of the rule. They do,
however, indicate that the properties of a solvent such as octanol describe some, but not all, of
the properties of an anesthetic binding site. Compounds that deviate from the Meyer-Overton rule
suggest that anesthetic target site(s) are also defined by other properties including size and
shape.

In defining the molecular target(s) of anesthetic molecules one must be able to account both for
the Meyer-Overton rule and for the well-defined exceptions to this rule. It has sometimes been
suggested that a correct molecular mechanism of anesthesia should also be able to account for
pressure reversal. Pressure reversal is a phenomenon whereby the concentration of a given
anesthetic needed to produce anesthesia is greatly increased if the anesthetic is administered to
an animal under hyperbaric conditions. The idea that pressure reversal is a useful tool for
elucidating mechanisms of anesthesia is based on the assumption that pressure reverses the
specific physicochemical actions of the anesthetic that are responsible for

producing anesthesia; that is to say, pressure and anesthetics act on the same molecular targets.
However, recent evidence suggests that pressure reverses anesthesia by producing excitation that
physiologically counteracts anesthetic depression, rather than by acting as an anesthetic
antagonist at the anesthetic site of action.'5” Therefore, in the following discussion of molecular
targets of anesthesia, pressure reversal will not be further discussed.

Lipid vs. Protein Targets

Anesthetics might interact with several possible molecular targets to produce their effects on the
function of ion channels and other proteins. Anesthetics might dissolve in the /ipid bilayer, causing
physicochemical changes in membrane structure that alter the ability of embedded membrane
proteins to undergo conformational changes important for their function. Alternatively, anesthetics
could bind directly to proteins (either ion channel proteins or modulatory proteins), thus either (1)
interfering with binding of a ligand (e.g., a neurotransmitter, a substrate, a second messenger
molecule) or (2) altering the ability of the protein to undergo conformational changes important
for its function. The following section summarizes the arguments for and against lipid theories and
protein theories of anesthesia.

Lipid Theories of Anesthesia

The elucidation of the Meyer-Overton rule suggested that anesthetics interact with a hydrophobic
target. To investigators in the early part of the twentieth century, the most logical hydrophobic
target was a lipid. In its simplest incarnation, the lipid theory of anesthesia postulates that
anesthetics dissolve in the lipid bilayers of biological membranes and produce anesthesia when
they reach a critical concentration in the membrane. Consistent with this hypothesis, the
membrane/gas partition coefficients of anesthetic gases in pure lipid bilayers correlate strongly
with anesthetic potency.'58 This simple theory can account for anesthetics that obey the Meyer-
Overton rule, but cannot account for anesthetics that deviate from this rule. For example, the
cutoff effect cannot be explained by this theory because compounds above the cutoff can achieve
membrane concentrations equal to those of compounds below the cutoff.15° Similarly,
enantioselectivity cannot be explained by this theory. Most importantly, this simplest version of
the lipid theory does not explain how the presence of the anesthetic in the membrane is translated
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into an effect on the function of the embedded proteins.

Membrane Perturbation

More sophisticated versions of the lipid theory require that the anesthetic molecules dissolved in
the lipid bilayer cause a change or perturbation in one or more physical properties of the
membrane. According to this theory, anesthesia is a function of both the concentration of
anesthetic in the membrane and the effectiveness of that anesthetic as a perturbant. This
potentially could explain deviations from the Meyer-Overton rule, because nonanesthetics could
achieve high concentrations in the membrane, but might not be effective perturbants. In
examining this theory it is important to define explicitly the perturbation caused by an anesthetic.
One can then test the relevance of a specific perturbation to the mechanism of anesthesia by
measuring the perturbation caused by various compounds (anesthetics and nonanesthetics) and
correlating perturbation with anesthetic potency. The specific perturbations of membrane structure
that have been proposed to be causally related to the anesthetic state are briefly explored in the
following section.

Membrane Expansion

Anesthetics dissolved in membranes do increase membrane volume. This occurs both because the
anesthetic molecules occupy space and, in principle, because they produce changes in lipid
packing and/or protein folding. The critical volume hypothesis is an attempt to correlate changes
in membrane volume with anesthesia. This hypothesis predicts that anesthesia occurs when
anesthetic dissolved in the membrane produces a critical change in membrane volume. Changes in
membrane volume could compress ion channels and thus alter their function. Alternatively,
increases in membrane thickness could alter neuronal excitability by changing the potential
gradient across the plasma membrane.'%% Several studies have shown that anesthetics can
produce changes in membrane volume.'®! However, the amount of expansion caused by clinical
concentrations of anesthetics is probably very small. One study of erythrocyte membranes showed
that halothane (0.27 mM = 1.0 MAC) expanded the membranes by only 0.1%.'62 Another study of
erythrocyte membranes showed that both anesthetics and nonanesthetics (long-chain n-alkanols
above the anesthetic cutoff) produced similar degrees of membrane expansion.'®3 While clinical
concentrations of anesthetics clearly produce membrane expansion, the small magnitude of
anesthetic-induced membrane expansion, coupled with the inability of this theory to account for
the cutoff effect, makes it unlikely that membrane expansion is the correct mechanism of
anesthesia. A recent study by Cantor revisits this topic.'®* Based on thermodynamic modeling, he
argues that anesthetics in biologic membranes preferentially distribute to the interface between
lipid and aqueous phases. This distribution results in increased lateral pressure, which could alter
the function of membrane-embedded ion channels. His calculations also suggest that
nonimmobilizers should not show the same interfacial distribution. There is some experimental
evidence showing that anesthetics, but not nonimmobilizers, do preferentially distribute to the
lipid/aqueous interface in a membrane.%> The relationship between these recent observations and
anesthetic effects on protein function remains to be determined.

Membrane Disordering

Studies using nuclear magnetic resonance (NMR) spectroscopy!®® and electron spin resonance
(ESR) spectroscopy!®’ have shown that a variety of anesthetics can disorder the packing of
phospholipids in lipid bilayers and in biological membranes. The decrease in membrane order
(often referred to as an increase in membrane fluidity) can, in principle, alter the function of ion
channels embedded in the lipid bilayer. The ability of anesthetics to fluidize lipid bilayers does
show a modest correlation with anesthetic potency.'®® Membrane disordering can also account for
the cutoff effect. Studies on synaptic membranes have shown that anesthetic alkanols (octanol,
decanol, dodecanol) fluidize membranes, whereas nonanesthetic alkanols have either no effect on
fluidity (tetradecanol) or a rigidifying effect (hexadecanol, octadecanol) on the membranes.1%°
Unfortunately, the degree of fluidization produced by clinical concentrations of anesthetics is quite
small.1®® While it is unclear how much fluidization would be required to affect ion channel



function, anesthetics produce changes in membrane fluidity that can be mimicked by changes in
temperature of less than 1°C. Clearly, a 1°C increase in temperature does not cause anesthesia,
or even increase anesthetic potency. It is highly unlikely that changes in the fluidity of bulk
membrane lipid are responsible for general anesthesia.
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Lipid Phase Transitions

Another lipid perturbation that has been proposed to account for general anesthesia is a change in
lipid phase-transition behavior. In its original version this theory proposed that anesthetics
promote a transition of the lipids in neuronal membranes between a solid (gel) phase and a liquid-
crystalline phase. Indeed, in pure lipid systems clinical concentrations of anesthetics do decrease
the temperature at which such a transition occurs.'7? A second version of this theory, the /ateral
phase-separation theory, proposed that anesthetics prevent phase transitions between the liquid-
crystalline and the gel phase.!’! According to this theory, liquid-crystalline to gel phase transition
is required for normal ion channel function; inhibition of this phase transition causes anesthesia.
There is little evidence to support the phase-transition theories. Anesthetic-induced phase
changes have not been observed in biologic membranes, lipid phase transitions are not known to
be required for normal ion channel function, and the changes in phase-transition temperature
observed in pure lipid systems are less than 1°C.

Protein Theories of Anesthesia

The Meyer-Overton rule could also be explained by the direct interaction of anesthetics with
hydrophobic sites on proteins. Three types of hydrophobic sites on proteins might interact
with anesthetics:

1. Hydrophobic amino acids comprise the core of water-soluble proteins. Anesthetics could bind
in hydrophobic pockets that are fortuitously present in the protein core.

2. Hydrophobic amino acids also form the lining of binding sites for hydrophobic ligands. For
example, there are hydrophobic pockets in which fatty acids tightly bind on proteins such as
albumin and the low-molecular-weight fatty acid-binding proteins. Anesthetics could
compete with endogenous ligands for binding to such sites on either water-soluble or
membrane proteins.

3. Hydrophobic amino acids are major constituents of the a-helices, which form the membrane-
spanning regions of membrane proteins; hydrophobic amino acid side chains form the
protein surface that faces the membrane lipid. Anesthetic molecules could interact with the
hydrophobic surface of these membrane proteins, disrupting normal lipid-protein
interactions and possibly directly affecting protein conformation. This last possibility would
involve the interaction of many anesthetic molecules with each membrane protein molecule
and would probably be a nonselective interaction between anesthetic molecules and all
membrane proteins.

Direct interactions of anesthetic molecules with proteins would not only satisfy the Meyer-Overton
rule, but would also provide the simplest explanation for compounds that deviate from this rule.
Any protein-binding site is likely to be defined by properties such as size and shape in addition to
its solvent properties. Limitations in size and shape could reduce the binding affinity of
compounds beyond the cutoff, thus explaining their lack of anesthetic effect. Enantioselectivity is
also most easily explained by a direct binding of anesthetic molecules to defined sites on proteins;
a protein-binding site of defined dimensions could readily distinguish between enantiomers on the
basis of their different shape. Protein-binding sites for anesthetics could also explain the
convulsant effects of some polyhalogenated alkanes. Different compounds binding (in slightly
different ways) to the same binding pocket can produce different effects on protein conformation
and hence on protein function. For example, there are three kinds of compounds that can bind at
the benzodiazepine binding site on the GABA, channel: agonists, which potentiate GABA effects



and produce sedation and anxiolysis; inverse-agonists, which promote channel closure and
produce convulsant effects; and antagonists, which produce no effect on their own but can
competitively block the effects of agonists and inverse-agonists. By analogy, polyhalogenated
alkanes could be inverse-agonists, binding at the same protein sites at which halogenated alkane
anesthetics are agonists. The evidence for direct interactions between anesthetics and proteins is
briefly reviewed in the following section.

Evidence for Anesthetic Binding to Proteins

One of the initial approaches to probing anesthetic interactions with proteins was to observe the
effects of anesthetics on the function of a protein and to try to make inferences about binding
from the functional behavior. It is entirely reasonable to assume that direct anesthetic-protein
interactions are responsible for functional effects of anesthetics on purified water-soluble proteins
because no lipid or membrane is present in the preparations studied. Firefly luciferase is a water-
soluble, light-emitting protein, which is inhibited by a wide variety of anesthetic molecules.
Numerous studies have extensively characterized anesthetic inhibition of firefly luciferase activity
and have revealed the following:172/173

1. Anesthetics inhibit firefly luciferase activity at concentrations very similar to those required
to produce clinical anesthesia.

2. The potency of anesthetics as inhibitors of firefly luciferase activity correlates strongly with
their potency as anesthetics, in kee